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CHAPTER 1 
GENERAL INTRODUCTION 
AND 
OUTLINE OF THE THESIS 
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Introduction 
History 
No data are available regarding the first description of faecal incontinence, 
whereas the first description of urine incontinence dates back to 1500 BC in 
the Georg Ebers Papyrus!. As a custom, the Egyptians cleansed the 
intestinal tract regularly to maintain health, not just when ill. A linkage of 
internal human functioning to the outside world, may have prompted the 
Egyptians to view the anatomical and physiological makeup of the body 
as a system of channels 'metu; similar to the network of canals which 
spread throughout their land. The heart was at the centre of the system, 
the station where the 'metu'delivered and received. The 'metu' carried 
blood, urine, tears, sperm and faeces. Around the anus, the channels 
coalesced into a sort of collecting system where the contents of the 
rectum could enter the network. Hence, the intestinal contents were 
cleaned out regularly by emetics, purges and enemas, and the anus 
became a prime target of medical treatment. The reputation of medical 
practitioners was consistently high throughout Egypt and the rest of the 
Mediterranean world. The names of several hundred physicians can be 
depicted from writings, references, and inscriptions. Among them was 
Iry, called 'the keeper of the King's rectum', a court physician who, about 
2500 BC attended to diseases of the eye, belly, and the anus2• Probably, 
he was the first proctologist. 
Detailed information about the anatomy of the pelvic floor and anal canal 
has been lacking for a long time. Ideas of anatomy in ancient China were 
reached by reasoning and by assumption rather than dissection or direct 
observation. The Chinese did not begin systematic, direct anatomical 
studies since the doctrines of Confucius forbade violation of the body. 
The best of medieval dissectors was Mondino de Luzzi2 of the University 
at Bologna whose 'Anathomia'was completed in 1316 AD. However, his 
treatise was more an instruction book in dissecting techniques rather 
than a study of gross anatomy. The renaissance produced incredible 
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advances in many areas. The study of anatomy in this time swept away the 
many long maintained misconceptions of human anatomy. Andreas 
Vesalius3 performed his own dissections on cadavers. He described the 
colon, rectum and anus in meticulous detail as illustrated in his 'De Human! 
Corporis Fabrica; published in 1543 AD. The anal sphincters as well as the 
levator ani muscle were clearly shown. 
The risks and consequences of vaginal delivery were already known in 
Rome in the second century AD. Soranus4 wrote on injuries and diseases, 
but his principal field of work was obstetrics. His papers served as a 
textbook in the Middle Ages. He noted the complications during delivery 
due to pelvic abnormalities and the improper presentation of the baby. 
His methods of correcting abnormal positions were sound, as were his 
measures to prevent tearing of the pelvic soft parts during delivery. 
However, repair of the injured anal canal was not described. 
For many centuries colonic irrigation was the only treatment modality for 
patients with faecal incontinence. Although this method, already used by 
the Egyptians, is widely accepted and recommended, details regarding 
indication for and functional outcome of colonic irrigation are lacking. After 
the introduction of biofeedback by EngelS in 1974, the results of this 
conservative treatment modality are widely investigated and reported. The 
success-rates are impressive and promising, varying from 50 to 92 per 
cent6•7• For a long time, the only surgical option was the creation of a 
colostomy. In 1776, Pillore8 was the first to describe the technique of stoma 
fashioning. The surgical treatment of faecal incontinence due to complete 
rectal prolapse consists of some sort of rectopexy. Reports on the outcome 
of this procedure are abundant and vary between 50 and 75 per cent9• 
However, it is questionable whether faecal incontinence associated with 
incomplete rectal prolapse, which condition was first described by 
Allingham lO in 1873, should also be treated by rectopexy. 
Anorectal procedures, such as fistula operations and haemorrhoidectomies 
were already performed by surgeons in the 12th century. However, the first 
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description of anterior sphincter repair dates back to 1875, when Warrenll 
described the use of the vaginal mucosal flap to protect the repair of the 
lacerated rectum and anus. Faecal incontinence was called 'idiopathic' when 
no apparent cause could be found. In 1975, Parks12 described a technique 
to reinforce the pelvic floor and external anal sphincter in an attempt to 
solve the problem of idiopathic faecal incontinence. This procedure was also 
aimed at restoring the anorectal angle. Results of this so-called postanal re-
pair are varying between 58 and 86 per cent13,14. Unfortunately, in recent 
years it became clear that the long-term results are less favourable than 
suggested by those promising short-term results15,16. In 1991, the 
introduction of endoanal ultrasound was responsible for a dramatic change 
of view regarding the aetiology of faecal incontinence17, Using endoanal 
ultrasound, it became clear that occult anterior sphincter defects could be 
found in patients with apparently uneventful deliveries. In these patients, 
sphincter defects are repaired by anterior anal repair instead of postanal 
repair. In 1940, Blaisdell18 reported the results of a direct end-to-end 
anterior sphincter repair and found a failure rate as high as 40 per cent. 
End-to-end apposition has been criticised because of disappointing results 
from cutting out the sutures and retracting the muscle ends19 , Overlapping 
sphincteroplasty, as described by Parks and McPartlin20 in 1971 and later 
modified by SIade21 , showed better but not perfect results. Later on, other 
modifications have been proposed in order to improve surgical outcome 
following anterior anal repair. Furthermore, new imaging techniques have 
been developed. In 1994, the use of an endoanal coil in association with 
MRI was first described22 • Using this technique, atrophy of the external anal 
sphincter could be demonstrated, which is impossible using endoanal 
ultrasound. However, the accuracy and impact of this novel finding remain 
to be cia rified, 
Research in this field has long been lacking. Faecal incontinence in general 
tends to receive less attention than urinary incontinence. This is further 
compounded by an apparent lack of professional interest. However, during 
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the last decades there has been a vast international increase in interest in 
anorectal physiology and functional disorders of the anorectum. Faecal 
incontinence is becoming increasingly more described and discussed. 
Furthermore, obstetric injuries and their sequelae are responsible for an 
increasing number of medicolegal cases. The most recent developments of 
awareness in the field of incontinence are reflected by the existence of 
homepages and information about faecal incontinence on the World Wide 
Web. 
Definition of the Disorder 
Despite a general belief, faecal incontinence is a symptom rather than a 
diagnosis. Definition of faecal incontinence is difficult, due to its many 
entities. In publications faecal incontinence is also referred to as leakage, 
seeping, anal incontinence and incontinentia alvi. The latter is the official 
Latin denomination, meaning that the abdomen is uncontrollable. The 
following definition of faecal incontinence is generally accepted: faecal 
incontinence is the impaired ability to control gas or stool. The assessment 
and grading of faecal incontinence was first described by Parks23 (Table 1). 
Table 1. Grading of faecal incontinence according to Parks23 . 
Because this grading system is simple, it is the one most frequently used. 
However, it does not take into account the frequency of symptoms. 
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Therefore, other 'faecal incontinence scoring systems' have been 
proposed24-26• In assessing the outcome of surgery these scoring systems 
have proven to be effective. The use of one generally accepted 
questionnaire in the assessment of patients with faecal incontinence is 
stressed, because it may also be used to achieve an objective comparison 
of results between different series. Unfortunately, none of these 
questionnaires is widely accepted, except for the Parks grading. This lack of 
consensus is not the only confounding factor in comparing the results after 
various treatments: in most reports no attention is paid to the difference 
between short- and long-term findings. 
Psychosocial Aspects 
The patient presenting with faecal incontinence does not complain 
without reason. Although faecal incontinence is one of the more frequent 
clinical symptoms of the gastrointestinal tract, its assessment is often 
neglected in clinical practice. The psychosocial aspects of the symptoms 
are also often overlooked: the number of undetected cases in comparison 
to those registered, illustrates that not only patients but also physicians 
avoid this topic during clinical routine2? 
Consequences of faecal incontinence for the quality of life have rarely 
been investigated, but there are specific impacts on family life, specifically 
with respect to sexuality and employment of those affected. Incontinence 
often is not discussed due to embarrassment. Many patients with faecal 
incontinence become housebound because of the stigma associated with 
the condition. It is a complaint that is socially disruptive. To the individual 
there is hardly a more distressing symptom than that of faecal incontinence: 
it is felt to be a mark of social disgrace. Clinical histories reveal the many 
years that people suffer it before seeking help. 
In the elderly, faecal incontinence is frequently an important factor in 
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deciding whether to institutionalise the patient: along with immobility and 
confusion, incontinence is considered the primary reason for 
institutionalisation of the elderly. Elderly persons who experience loss of 
bladder or bowel control are frequently depressed, isolated, and fearful of 
discovery. Left untreated, these individuals are prone to mental and social 
deterioration that may lead to social isolation or institutionalisation. The 
most common cause in these individuals is faecal impaction with overflow 
incontinence. Moreover, continence deteriorates considerably with time. 
In the elderly, faecal incontinence is a major problem with serious 
consequences. A study among 4232 nursing home residents free of 
pressure ulcers on admission to a nursing facility revealed that at three 
months follow-up the determinant faecal incontinence was a major risk 
factor associated with the formation of stage II-IV pressure ulcers28• 
Furthermore, incontinence is related to mortality and severe incontinence 
represents an increased risk factor for mortality in elderly people living at 
home29• The relationship of urinary tract infection and faecal incontinence 
is illustrated by the finding that patients with faecal incontinence develop 
urinary tract infection almost three times as frequently as their continent 
counterparts30• 
For some of the patients with faecal incontinence creation of a stoma might 
be finally inevitable. This distorts a patient's body image. Orbach and 
Tallent3! reported that all of their patients with a stoma considered their 
bodily form had been altered in a way deleterious to their physical 
appearance. A feeling of having been invaded, Violated, or even sexually 
assaulted, is common. Patients feel they have lost control of bowel 
function and often become preoccupied with elimination. This results in 
some patients reporting that they have been made 'like an animal'. Some 
men perceive the colostomy as being similar to a vagina. Patients also 
have a distorted perception of their health. Many feel that their body has 
become fragile. These feelings lead to withdrawal from work, leisure and 
many social responsibilities32-39• 
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In summary, faecal incontinence is a silent affliction that often leads to 
self-imposed ostracism. For many years, a lack of understanding 
regarding its pathophysiology and a lack of empathy among many 
physicians has bedevilled this problem. However, during the last decades, 
remarkable strides have been made, both in the evaluation and in the 
treatment of faecal incontinence. 
Epidemiology 
Faecal incontinence is much more common in the general population than 
is often realised. Although the problem increases with advancing age and 
disability, there are large numbers of otherwise healthy adults with this 
distressing symptom. The first prevalence study of faecal incontinence in 
the general population was published by Thomas and colieagues40 in 1984. 
Virtually all estimates of the prevalence and incidence of faecal incontinence 
in the community rely on self-reported continence status. It is known that 
only a minority of patients with faecal incontinence report these 
symptoms to their physiCians. Epidemiological estimates based on 
medical chart data, therefore, contain a detection bias, which 
systematically underestimates the real presence of faecal incontinence41 . 
As a consequence, reliable epidemiological data on incidence and 
prevalence of faecal incontinence are scarce, and prevalence figures vary 
greatly (Table 2). 
Table 2. Prevalence of faecal incontinence. 
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The pelvic floor shows sex-related differences. The female pelvic floor 
and its integrated sphincters are more susceptible to impairment. Ninety 
per cent of all patients with 'spontaneous incontinence' are women. 
Furthermore, the spinal centres that govern continence in the female 
contain significantly fewer ganglion cells than the corresponding centres 
in the male4B• 
Johanson49 analysed 881 individuals, aged 18 years and older. Stratified by 
frequency 2.7, 4.5, and 7.1 per cent of participants suffered faecal 
incontinence daily, weekly, or once per month or less, respectively. 
Incontinence increased progressively with age. Only one-third of individuals 
with faecal incontinence had ever discussed the problem with a physician. 
In another study, Nelson and colieaguesSO determined prevalence of and 
characteristics associated with faecal incontinence in the general 
community. A total of 2570 households comprising 6959 individuals were 
surveyed. Of them, 153 individuals were reported to have faecal 
incontinence, representing 2.2 per cent of the population. Thirty per cent 
of the incontinent subjects were older than 65 years, whereas 63 per cent 
of them were women. Of those with faecal incontinence, 36, 54, and 60 
per cent were incontinent to solid stool, liquids, and gas, respectively. 
Independent risk factors for faecal incontinence included female sex, 
advancing age, poor general health, and physical limitations. 
Studies regarding patients in whom faecal incontinence is associated with 
urinary symptoms are scarce. This is surprising, considering how common 
double incontinence is in the elderly and that approximately 12 per cent 
of patients with faecal incontinence also have genuine stress urinary 
incontinenceS!. Studies of faecal incontinence and urinary. incontinence 
have shown evidence of a neurogenic aetiology for both disorders. It has 
been postulated that pudendal nerve injury causes a weakened pelvic 
floor and anal sphincter musculature, which may result in both faecal and 
urinary incontinences2,s3. 
To establish the baseline prevalence rate and cost of faecal incontinence 
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in a long-term care hospital, Borrie and Davidson47 sent questionnaires to 
in-patients. The degree of urinary and faecal incontinence and costs of 
incontinence as measured by nursing time spent dealing with incontinent 
patients was measured. The prevalence rate of urinary incontinence was 
62 per cent, faecal incontinence 46 per cent, and combined incontinence 
44 per cent. The mean time spent each day dealing with incontinence 
was 53 minutes per patient. The total annual cost of incontinence per 
patient was 9771 Canadian Dollars. 
In the Netherlands, the total costs for both urinary and faecal incontinence 
material, as paid by the associated insurance companies each year, is more 
than 100.000.000 Dutch Guilders (Table 3)42. 
Table 3. Annual costs for both urinary and faecal incontinence in Dutch 
Guilders (millions). 
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Numerous different causes can be identified in the aetiology of this 
distressing condition. It is virtually impossible to produce an exhaustive 
list of influencing factors. Faecal incontinence can result from a 
disturbance in anyone of the multiple factors, which maintain continence. 
The most important anatomic structures in faecal continence are the 
internal and external anal sphincters, whereas the most important 
functional factors are believed to be the anorectal angle, rectal 
compliance, rectal sensitivity, and the discriminatory property of the anal 
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canal. Closure of the anal canal itself is accomplished by a combined 
function of the haemorrhoidal cushions and the internal anal sphincter. 
Under resting conditions and during slow entry of contents into the 
rectum, continence is maintained by the tonic contraction of the internal 
anal sphincter supplemented to a lesser or greater degree by contraction 
of the external anal sphincterS4-s7 • Increases in intra-abdominal pressure, 
rectal contraction and the rapid entry of larger volumes into the rectum 
threaten continence and are countered by a compensatory contraction of 
the external anal sphincter. The external anal sphincter responses depend 
on adequate afferent mechanisms, properly functioning integrative 
circuitry in the spinal cord and sufficiently strong muscular contraction. 
The external sphincter response to rectal distension is critically linked to 
conscious rectal sensations and must therefore involve cortical 
modulation. It follows therefore that faecal incontinence could arise from 
a variety of possible defects. 
In practise, faecal incontinence is most commonly seen in women who 
have had children. This symptom can also be seen in other patient 
groups, who may, in addition, also have had children. Groups of 
individuals at high risk for faecal incontinence further include the elderly, 
the mentally ill, institutionalised patients, and those with neurologic 
disorders. The principal cause of faecal incontinence is a defect of one or 
both anal sphincters due to obstetric injury. Other major contributing 
factors are anorectal surgery, accidental trauma, pudendal nerve 
neuropathy, complete rectal prolapse and diarrhoea (e.g. due to severe 
colitis). 
Obstetric Trauma 
Most patients with faecal incontinence are female, whereas the most 
common cause of faecal incontinence is obstetric trauma. Rupture of the 
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anal sphincter muscle is a complication of vaginal deliveries, with a 
reported frequency of 0 to 5 per cent5B,59. Certain factors seem to 
promote this risk, such as primiparity, the use of forceps and vacuum 
extractor, and young age of the mother60.62 • Episiotomy does not prevent 
a third-degree tear63. Overt obstetric injuries are frequently associated with 
disruption of the perineal body, division of both anal sphincters, and loss of 
the distal rectovaginal septum. Usually, such injuries are recognised at the 
time of delivery and the majority are sutured in the delivery suite, often by 
junior medical staff who have a poor understanding of anal anatomy64, 
Often an end-to-end repair is performed and primary repair of third-degree 
tears is, therefore, frequently inadequate. Despite a primary repair, persiS-
tent sphincter defects have been reported using endoanal ultrasound 
varying from 40 to 85 per cent of patients65,66. Bek and Laurberg67 
assessed the long-term consequences of complete tears and subsequent 
vaginal delivery (Table 4). The major long-term problem was 
incontinence of flatus. 
Table 4. Incidence of faecal incontinence following complete tear during 
the first delivery and following subsequent delivery. 
Mellerup S0rensen6B studied women with and without complete rupture. 
Surprisingly, the long-term consequences of vaginal delivery comprised 
dyspareunia in 17 per cent of patients with perineal rupture and 22 per 
cent of patients without rupture, Urinary incontinence was found in 
respectively 25 and 11 per cent. After four years of follow-up, 25 per cent 
was incontinent to flatus, 13 per cent to liquids, and four per cent to solid 
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stool. Repeated vaginal deliveries increase the risk of minor faecal and 
urinary incontinence, especially after the third delivery compared with the 
first and second69. Furthermore, patients who sustained a division of the 
external anal sphincter at delivery are prone to impaired sensation, which 
persists in the anal canal at six months70. 
Vaginal delivery may initiate damage to the continence mechanism by 
direct injury to the pelvic floor muscles, damage to their motor 
innervation, or both. Additional de nervation may occur with ageing, 
resulting in a functional disability many years after the initial trauma. 
These factors should be kept in mind when conducting vaginal birth. 
Obstetricians may be able to reduce pelvic floor injuries by minimising 
forceps deliveries and episiotomies, by allowing passive descent in the 
second stage, and by selectively recommending elective caesarean 
delivery. Midline episiotomies should be avoided. Furthermore, 
assessment of anal function after delivery is advocated, allowing elective 
caesarean delivery and sparing of further sphincter damage?!. Elective 
caesarean birth should also be recommended at term to patients with a 
foetus greater than 4,000 gram or a strong family history of pelvic 
prolapse and/or incontinence72. Information and routine follow up of all 
women with obstetric anal sphincter rupture is mandatory. 
Anorectal Surgery 
Disturbed continence is a frequently neglected but rather common 
complication following anorectal surgery. Especially fistula surgery may 
result in impaired continence. Although incontinence for solid stool rarely 
occurs, minor defects in continence may follow if even a small amount of 
sphincter muscle is damaged. The incidence after fistulotomy varies from 18 
to 52 per cent'3.76. To define the incidence of faecal incontinence following 
staged fistulotomy using a seton, a five-year retrospective chart review 
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was carried out by Pearl and colleagues77 , Faecal incontinence occurred in 
5 per cent of cases, Internal sphincterotomy may also lead to continence 
disturbances caused by inadequate closure of the anal canal by the internal 
sphincter. This condition is usually temporary but may become permanent. 
Faecal soiling after lateral internal sphincterotomy is reported to vary from 0 
to 47 per cenfB,79, Anal dilatation was introduced as a treatment for 
haemorrhoids by LordBo in 1968, In one review faecal incontinence 
occurred in the first week after anal dilatation in 10 of 55 patients (18 per 
cent) and as a late complication in 2 patients (4 per cent)Bl, Other 
reported figures vary between 15 and 25 per centB2,B3, In modern surgery 
for haemorrhoids, incontinence is a rare complication, However, if the 
sphincter mass is inadvertently injured, incontinence may resultB4, Following 
conventional anterior resection, continence is generally maintained, 
However, when the anastomosis is performed in the distal third of the 
rectum, impairment of continence might occur, In a multicentre study to 
define the incidence of disordered continence after restorative 
proctocolectomy and ileoanal reservoir 207 patients were included, of 
whom 156 patients had their ileostomy closed, Minor leakage was 
observed in 27 per cent of cases, whereas two per cent complained of 
troublesome faecal soiling, None of them had gross faecal incontinenceB5, 
Pudendal Nerve Neuropathy 
The current opinion of pudendal nerve neuropathy is that of one 
sustained during vaginal delivery or chronic straining at stool. 
Electromyographic studies, performed by Allen and colieaguesB6 showed 
that there was evidence of re-innervation in the pelvic floor muscles after 
vaginal delivery in 80 per cent of the studied patients, Women who had a 
long active second stage of labour and heavier babies showed the most 
evidence of nerve damage, However, forceps delivery and perineal tears 
22 
Chapter 1 
did not affect the degree of nerve damage seen. Berkelmans87 conducted 
a study to determine whether patients complaining of straining at stool 
are prone to develop faecal incontinence. The incidence of faecal 
incontinence after 5 years was higher among women with chronic 
straining than in a control group. The patients with straining at stool who 
became incontinent had, at the initial investigation, a lower 
electromyographic activity of the external anal sphincter during voluntary 
contraction, greater perineal descent at rest and less elevation of the 
pelvic floor during maximal contraction of the external anal sphincter than 
the other women. In fact, women with chronic straining at stool had 
perineal descent at rest and during straining similar to that of incontinent 
women. Therefore, women with chronic straining might be prone to 
develop faecal incontinence. 
Ellis and colleagues88 suggested pudendal nerve compression as 
contributing factor in the aetiology of faecal incontinence. The pudendal 
nerve arises from sacral nerve roots 2, 3, and 4 and traverses the lesser 
sciatic foramen. To determine if compression of the pudendal nerve could 
occur in the lesser sciatic foramen, the course of the pudendal nerve was 
dissected in 79 cadavers (61 female and 18 male). Bilateral compression 
of the pudendal nerve between the sacrospinous and sacrotuberous 
ligaments was identified in 20 of the females (33 per cent) but none of 
the males. Pregnancy results in marked hypertrophy of the pelvic 
ligaments and could possibly cause compression of the pudendal nerve 
contributing to faecal incontinence. If this mechanism is confirmed by 
further studies, it might be worthwhile to decompress the nerve to 
restore nerve function. 
Miscellaneous 
Complete rectal prolapse is associated with faecal incontinence in more than 
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50 per cent of the cases12• It is evident that treatment of faecal 
incontinence in these patients begins with rectopexy. If incontinence 
persists following rectopexy, additional sphincter repair might be 
considered. 
Diarrhoea is another contributing cause of faecal incontinence. Patients with 
sphincter defects following childbirth might be continent to solid stool but 
incontinent to liquids. In case of frequent diarrhoea they become 
symptomatic. Diarrhoea as a result of faecal impaction and subsequent 
overflow incontinence is a symptom rather than a cause. In case of 
fulminant toxic colitis continence for rectal fluids is impaired due to high 
concentrations of internal anal sphincter pressure reducing nitric oxides. 
Other rare cases, such as diabetic peripheral neuropathy, carcinoma, 
multiple sclerosis, endometriosis, irradiation, and AIDS, are beyond the 
scope of this thesis. 
Investigation 
The evaluation of faecal incontinence begins with comprehensive history 
taking, which may include overcoming a significant psychosocial barrier. 
Physical examination is essential. For centuries the structure and function 
of the pelvic floor and anal sphincters have remained enigmatic. Great 
strides in new investigation techniques over the last decades have 
enabled a better understanding of the pathophysiology of this complex 
and dynamic structure. The assessment of patients with faecal 
incontinence generally takes place in the anorectal physiology 
laboratories. Several laboratories have reported results of anorectal 
physiology measurements, but there is extensive variation between 
normal values in different laboratories. Also, the value of anorectal 
physiology tests is debated because: 1) it is not possible to establish a 
reproducible normal range; 2) abnormal measurements do not correlate 
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with disease entities or explain symptoms; 3) the results are often 
unhelpful in diagnosis and management; and 4) clinical outcome after 
intervention does not correlate with alteration in the measurements 
obtained. 
The following anorectal function tests are the most widely used or need 
further attention: 
Anorectal Manometry 
Since it was first introduced into clinical investigations in 1960 by 
SChuster89, anorectal manometry has become one of the most important 
methods to evaluate anorectal sphincter function. Manometry is not a 
single test but consists of a series of measurements. Manometry permits 
examination of the resting pressure and the squeeze pressure. 
Furthermore, it can also be used to elicit the rectoanal inhibitory reflex 
and to measure rectal compliance. Although the use of anorectal 
manometry has been well established90 ' 92, there is some debate as to the 
best method of performing manometry. A variety of systems, including 
water-perfused catheters, balloons, and microtransducers, have been 
used93·95• Data regarding the value of anorectal manometry in predicting 
outcome following surgery or biofeedback are rather conflicting. 
Electromyography 
Conventional electromyography enables the localisation of normal 
external anal sphincter tissue. It also provides a useful tool for the 
investigation of the activity of the pelvic floor in rest and during 
squeezing and straining. Single fibre electromyography measures the 
fibre density of the pelvic floor muscles, reflecting the amount of damage 
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to these muscles. The most common electromyographic findings in 
patients with faecal incontinence are decreased recruitment of motor 
units with squeezing and polyphasic motor units potentials, consistent 
with an injury pattern96• Until the introduction of endoanal ultrasound, 
electromyography was also used for mapping of occult sphincter defects. 
Pudendal nerve terminal motor latency/PNTML 
Pudendal nerve stimulation, performed transrectally, has been developed 
from the technique of electro-ejaculation introduced by Brindley97 for use 
in patients with paraplegia. Tests of motor conduction in the pudendal 
nerves are well established in the diagnosis of pelvic floor disorders98-103. 
Transrectal measurement of PNTML has proved particularly useful in 
assessing patients with faecal incontinence104,105. Evidence of pudendal 
neuropathy is obtained by recording the PNTML in the left and right 
pudendal nerves and calculating the mean value from these two 
recordings. A raised mean PNTML has been shown to indicate pudendal 
nerve damage. The mean PNTML in normal subjects is 2.0 ± 0.2 msl06. 
Pudendal neuropathy is found in 37 per cent of patients with faecal 
incontinence and dramatically increases after 70 years of age107. This 
indicates that pudendal neuropathy might be an age-related 
phenomenon. Pudendal neuropathy is more common in females than in 
males. Likewise, it is more frequent in patients with pathologic perineal 
descent and in patients with risk factors, such as difficult labour or 
excessive straining at stool108. Interestingly, .damage to the motor and 
sensory components of the pudendal nerve does not occur 
synchronously109. The predictive value of PNTML is questioned because 
data are conflicting. 
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Defaecography/Proctography 
Defaecography is a tool to evaluate the dynamics of defecation 110. This 
technique was first developed by Mahieu111 in 1984 and allows 
visualisation of rectoanal intussusception, rectocele, and other anatomic 
abnormalities by means of contrast radiology112,113. The anorectal angle 
can be measured at rest and during straining. Furthermore, the degree of 
perineal descent can be measured during straining. Proctography is not 
necessary for the diagnosis of complete rectal prolapse because this 
abnormality can easily be seen by inspection of the patient, especially 
during straining. The high prevalence of intussusception in asymptomatic 
controls cast doubt whether this alteration of rectal morphology is 
functionally relevant in patients with faecal incontinence114-118. The 
predictive value of proctography in order to assess outcome after sphincter 
repair is questionable. 
EndoanalUffrasound/Sonography 
Endoanal ultrasound has added a new dimension to the investigation of 
the anal sphincter complex. In 1991, Burnett1? was the first to report this 
technique. The endosonic probe causes no more discomfort than routine 
digital examination of the anus. The technique enables repeated 
examination of the anal sphincters along the length of the anal canal and 
permits an assessment of sphincter morphology. The advent of anal 
endosonography has enabled the identification of anal sphincter defects 
following vaginal delivery. Sentovich and colleagues119 conducted a study 
using endoanal ultrasound in three groups of women: 13 incontinent 
women with obstetric-related sphincter injuries by history, 20 
asymptomatic parous women, and 20 asymptomatic nulliparous women. 
The injuries identified by endoanal ultrasound are shown in Table 5: 
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Table 5. Sphincter defects using endoanal ultrasound. 
EAS: External Anal Sphincter; lAS: Internal Anal Sphincter 
Based on these findings, the authors concluded that endoanal ultrasound 
accurately predicted sphincter injuries in incontinent patients and 
identified occult sphincter injury in asymptomatic parous women. Intact 
anal sphincters were also identified by endoanal ultrasound. However, 
this imaging technique falsely predicted injury in 5 to 15 per cent of 
patients with intact anal sphincter muscles. Because of the presence of 
sphincter defects in continent patients and in asymptomatic volunteers, 
caution should be used in attributing incontinence to anal sphincter 
defects alone. Both the accuracy and reliability of transanal ultrasound 
are significantly improved by limiting transanal ultrasound to the distal 
1.5 cm of the anal canal 120. 
Using endoanal ultrasound, Felt-Bersma121 demonstrated sphincter 
defects following haemorrhoidectomy (13%), fistulectomy (72%), and 
lateral internal sphincterotomy (88%). In patients presenting with 
symptoms of impaired continence, sphincter defects could be 
demonstrated, whereas the other sphincter defects did not produce 
symptoms. 
Endoanal ultrasound has a higher sensitivity than electromyography in 
detecting sphincter defects and correlates well with surgical findings. 
Therefore, most authors advocate the use of endoanal ultrasound for 
sphincter mapping122 • 
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Endoanal MRI 
Recently, endoanal MRI has been added to the imaging techniques in the 
assessment of patients with faecal incontinence. In a comparative study, 
endoanal MRI was more accurate than endoanal ultrasound in the 
detection of internal and external anal sphincter defects123 • 
The accurate delineation of the external anal sphincter with endoanal MRI 
has led to the possibility of evaluating the muscle mass and has revealed 
the occurrence of external anal sphincter atrophy. However, the 
prevalence of sphincter atrophy in parous women is unknown. 
Disadvantages of endoanal MRI are high costs and limited availability. 
Therefore, further study is needed to elucidate the impact of external 
anal sphincter atrophy and the place of endoanal MRI in the assessment 
of patients with faecal incontinence. 
Treatment 
Management options for patients with faecal incontinence are limited. 
There is a need to develop methods, which enable the individual to cope 
with this distressing symptom, always bearing in mind that the 
fundamental aim is to correct the handicap and restore a sufficient 
continence. Basically, only two treatment modalities are available: 
conservative and surgical (Table 6). 
Conservative management has to utilise all its possibilities before surgery 
may become a therapeutic option. 
Except for special situations surgery is indicated only after conservative 
therapy has failed. Patients with failed surgical treatment might still 
benefit from postoperative conservative treatment modalities. 
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Table 6. Treatment modalities for faecal incontinence. 
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Conservative Treatment 
Faecal impaction with both incontinence and constipation can be treated 
by a combination of increasing diet fibre, laxatives and occasionally 
enemas to regulate defecation in a socially acceptable manner. The diets 
of persons with faecal incontinence are similar to those of control 
subjects with normal bowel function. Patients with faecal incontinence 
may improve their nutritional patterns by lowering sodium and protein 
intake and increasing dietary fibre and mono-unsaturated fat intake. 
Calcium and vitamin D supplementation may improve dietary deficiencies 
and lower disease risks. Including a nutritional assessment and 
consultation in the care of persons with faecal incontinence to improve 
general health and prevent disease is recommended, but consideration 
must be given to altered diet patterns perceived by the patient to prevent 
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faecal incontinence124 • 
Drug treatment is restricted by the limited number available: only a very 
few drugs act directly on the anal sphincter mechanism to increase the 
tone. Since experience with these drugs in the treatment of faecal 
incontinence is limited, further research is needed. Currently, drug 
therapy is limited to constipating agents, which can be very useful for 
people with internal anal sphincter disruption. A useful constipating agent 
is loperamide. Loperamide is effective in the treatment of diarrhoea with 
faecal incontinence. Normalisation of colon transit time and an increase in 
the tone of the internal anal sphincter seem to be the main determinants 
of efficacy125. Additionally, it has an effect on rectal compliance in 
patients with diarrhoea and associated faecal incontinence126. Successful 
treatment with stool bulking agents, such as psyllium or bran, may be 
achieved in patients with the pattern of soiling127. Activated charcoal is 
helpful in case of acute diarrhoea and effectively limits the escape of 
sulphur-containing gases into the environment, which are the major, but 
not the only, malodorous components of human flatus128• 
Similar to the vaginal tampon, disposable anal tampons and plugs have 
been developed129 • These are available in different sizes. After the first 
stool has passed the tampon is introduced. The advantage of these 
tampons is that there is no contact between faeces and skin, reducing the 
risk of skin-irritation. Christiansen130 performed a clinical assessment of 
anal continence plugs in 14 patients with incontinence for liquid and solid 
stool. Nine patients (64 per cent) became continent when they used the 
plug. In 43 percent the plug occasionally slipped out, and 71 percent 
experienced discomfort to a varying degree, which caused 11 patients to 
withdraw from the study before the end of the planned study period. The 
overall conclusion was that the majority of patients would use the plug 
under special circumstances because it eliminates the fear of faecal 
leakage but that local discomfort would prevent its daily use. 
Besides drug treatment, biofeedback training is the most important basis 
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of conservative therapy. Therefore, pelvic floor exercises have become 
treatment of choice, most effective with biofeedback support. This is 
supported by a variety of studies published In the past years, with 
success-rates varying from 50 to 92 per ceneO,ll. These studies have 
presented convincing evidence that this method which derives from 
psychological learning theory has found clinical importance and 
relevance, although the exact mode of action is still unknown131. Some 
patients never manage to start or complete this treatment. Many lack the 
motivation or are unconvinced about the possible value of what they 
perceive to be 'simple exercises'. The treatment will be suitable only for 
patients who can follow a course of treatment, as the results are largely 
patient dependent. Future research will need to demonstrate the long-
term effects of such management. It is most successful in treating urge 
incontinence, but also helps some patients with passive leakage. Even in 
patients with structural anal sphincter damage, some symptom 
improvement or cure is achieved132 • Contrary, patients with neurological 
disease have little or no benefit from biofeedback133. 
Surgical Treatment 
Postanal repair, anterior anal repair and rectopexy will be discussed in 
detail in separate chapters of this thesis. Total pelvic floor repair consists 
of a combination of postanal and anterior anal repair. The procedure is 
designed for neuropathic faecal incontinence without sphincter defects. 
Although preliminary short-term results were promising it is becoming 
clear that total pelvic floor repair rarely renders patients with neuropathic 
faecal incontinence completely continent. Furthermore, the operation is 
less successful in obese patients and in those with a history of straining 
or perineal descent134 • 
Efforts to create a neoanal sphincter have relied principally on the 
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transposition of skeletal muscle, usually the gracilis and gluteus maximus 
muscle, around the anal canal. Pickrell1J5 was the first to use this 
technique in man and although he reported satisfactory results, other 
investigators found the technique was unreliable. Stimulated anal 
sphincter replacement offers a new treatment option for patients with 
severe refractory faecal incontinence. Dynamic graciloplasty consists of 
transposition of the gracilis muscle to the anus with the implantation of 
stimulating electrodes. This procedure has been proven to be a safe and 
reliable technique in patients with severe incontinence and may result in 
a better quality of Iife136. However, the procedure has significant 
morbidity that can lead to functional failure. Outcome after dynamic 
graciloplasty appears to correlate with surgical experience. In contrast to 
graciloplasty, the use of dynamic gluteoplasty should be limited to 
investigational purposes137. Artificial urinary sphincters have also been 
implanted around intestinal segments to achieve continence. Although 
preliminary studies reported that the model of the artificial urinary 
sphincters appeared to be unsuitable for the treatment of faecal 
incontinence138, other reports are more favourable139-142. For treatment of 
faecal incontinence in patients with neurologic disease that affects the 
pelvic floor and the muscles of the lower limb it might be the only surgical 
option. 
Full recovery has been achieved in a canine model using pudendal nerve 
innervation of the semitendinosis muscle neosphincter. Cross-innervation 
of transposed skeletal muscle by the pudendal nerve creates a 
physiologic and functional anal sphincter. This technique may be superior 
to the electrically stimulated wraps for faecal incontinence143. 
In very advanced cases and for patients who fail all therapeutic options, 
intestinal stoma may occasionally provide important hygienic and 
psychological benefits and a better lifestyle than coping with the 
consequences of faecal incontinence. 
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Miscellaneous 
Shafik144 described patients with pudendal canal syndrome, who were 
treated by pudendal canal decompression. All complained of faecal 
incontinence and of additional stress urinary incontinence. Pudendal canal 
decompression operation comprised a para-anal incision, entering of the 
ischiorectal fossa, identifying and tracing of the inferior rectal nerve to 
the pudendal canal, and incising of the roof of the canal. In patients with 
only short duration of symptoms improvement in faecal and urinary 
incontinence was found. Postoperatively, there was a significant decrease 
in pudendal nerve terminal latency. Electromyography of the external 
anal sphincter and levator muscles showed increased activity. The failures 
occurred in cases, which presented in advanced stage of the disease, and 
seem to be due to irreversible nerve or muscle damage. Pudendal canal 
decompression effected improvement not only in faecal incontinence but 
also in stress urinary incontinence. A relation between the latter and 
pudendal neuropathy was suggested. 
Shafik145 also described autologous fat injection in 14 patients with partial 
faecal incontinence. He used the fat as substitute for the polytetrafluoro-
ethylene as he described earlier146• He proposed that the fat injection did 
not have the side effects of polytetrafluoro-ethylene, such as granuloma 
formation and particle migration. The procedure comprised the harvesting 
of 50 to 60 ml of fat from the abdominal wall. This then was injected 
submucosally into the rectal neck at 3 and 9 o'clock positions. After the 
first injection 3 patients were completely continent, whereas after the 
second and third injection respectively 10 and all 14 patients rendered 
complete continence. 
Electrical stimulators have been used in the treatment of neurogenic 
faecal incontinence caused by pudendal nerve neuropathy. It is based on 
repeated neurostimulation of the pudendo-anal reflex arc running 
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through 53, by altering sphincter and rectal motor function. The 
preliminary results are promising147.149. 
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Outline of the Thesis 
This thesis is aimed at evaluating the results of different conservative and 
surgical modalities in the treatment of faecal incontinence. Furthermore, the 
value of endoanal MRI in the assessment of faecal incontinence is 
investigated. Continence disturbances, especially faecal soiling, are difficult 
to treat. Irrigation of the distal part of the large bowel might be considered 
as a non-surgical alternative for patients with impaired continence. Although 
this treatment modality is widely accepted, its clinical use has not yet been 
evaluated. Chapter 2 describes the clinical value of colonic irrigation. 
Suture rectopexy is the recommended therapy for complete rectal prolapse 
that is associated with faecal incontinence. After the introduction of 
proctography, intussusception or incomplete rectal prolapse as seen on the 
proctogram, was thought to be a causative factor of faecal incontinence, 
analogous to complete rectal prolapse. It has been suggested that 
correction of an incomplete rectal prolapse is also worthwhile for patients 
with faecal incontinence. In Chapter 3 the clinical outcome of rectopexy in 
patients with faecal incontinence associated with incomplete rectal prolapse 
is described and compared with that obtained from patients with complete 
rectal prolapse. In patients without apparent cause for their continence 
disorder, incontinence was called 'idiopathic'. Formerly, idiopathic faecal 
incontinence was treated by postanal repair. Long-term results of postanal 
repair are discussed in Chapter 4. The introduction of endoanal ultrasound 
revealed occult sphincter defects in patients with apparent uneventful 
deliveries. Faecal incontinence in patients with these occult sphincter 
defects or overt anterior sphincter defects is usually treated by a delayed 
overlapping repair of the external anal sphincter. However, an obstetric 
trauma is frequently associated with disruption of the perineal body and loss 
of the distal rectovaginal septum. Data regarding a combined repair, consis-
ting of restoration of the rectovaginal septum and perineal body, over-
lapping external anal sphincter repair, and imbrication of the internal anal 
36 
Chapter 1 
sphincter, are scanty. Chapter 5 compares the long-term results of the 
rather simple direct sphincter repair with those of the more complex 
anterior anal repair. Both repairs do not provide restoration of continence in 
all treated patients. Therefore, it is worthwhile to identify patients 
preoperatively who might benefit or not. With the introduction of endoanal 
MRI, atrophy of the external anal sphincter was first visualised. Until now, 
no study has compared the morphological endoanal MRI findings with 
histopathological aspects of the external anal sphincter. Chapter 6 
describes the relationship between sphincter morphology on endoanal MRI 
and histopathology of the external anal sphincter. The predictive value of 
this atrophy in patients undergoing sphincter repair is discussed in Chapter 
7. Finally, an algorithm for the treatment of patients with faecal 
incontinence, based on the conclusions drawn from this thesis is presented 
in Chapter 8. 
Questions to be answered in this thesis: 
What are the indications for and results of colonic irrigation? 
What are the long-term results of suture rectopexy in patients with 
faecal incontinence due to complete rectal prolapse? 
Is rectopexy indicated for patients with faecal incontinence associated 
with incomplete rectal prolapse? 
Is there still a place for postanal repair? 
Is the complex modified anterior anal repair better than the rather 
simple direct sphincter repair? 
Can atrophy of the external anal sphincter correctly be identified using 
endoanal MRI? 
What is the prevalence of external anal sphincter atrophy in female 
patients with anterior sphincter defects caused by obstetric trauma? 
What is the impact of this sphincter atrophy on functional outcome 
following sphincteroplasty? 
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Abstract 
Continence disturbances, especially faecal soiling, are difficult to treat. 
Irrigation of the distal part of the large bowel might be considered as a 
nonsurgical alternative for patients with impaired continence. This study is 
aimed at evaluating the clinical value of colonic irrigation. Thirty-two 
patients (16 females; median age 47 (range 23-72) years) were offered 
colonic irrigation on an ambulatory basis. Sixteen patients suffered from 
faecal soiling (Group I), whereas the other 16 patients were treated for 
faecal incontinence (Group II). Patients were instructed by enterostomal 
therapists how to use a conventional colostomy irrigation set to obtain 
sufficient irrigation of the distal part of their large bowel. Patients with 
continence disturbances during daytime were instructed to introduce 500 to 
1000 ml of warm (380 C) water within 5 to 10 minutes after they passed 
their first stool. In addition, they were advised to wait until the urge to 
defecate was felt. Patients with soiling during overnight sleep were advised 
to irrigate during the evening. To determine clinical outcome, a detailed 
questionnaire was used. Median duration of follow-up was 18 months. Ten 
patients discontinued irrigation within the first month of treatment. 
Symptoms resolved completely in two patients. They believed that there 
was no need to continue treatment any longer. Irrigation had no effect in 
two patients. Despite the fact that symptoms resolved, six patients 
discontinued treatment because they experienced pain (n=2) or they 
considered the irrigation to be too time-consuming (n=4). Twenty-two 
patients are still performing irrigations. Most patients irrigated the colon in 
the morning after the first stool was passed. Time needed for the washout 
varied between 10 and 90 minutes. Frequency of irrigations varied from two 
times per day to two times per week. In Group I, irrigation was found to be 
beneficial in 92 per cent of patients, whereas 60 per cent of patients in 
Group II considered the treatment as a major improvement to the quality of 
their lives. If patients who discontinued treatment because of washout-
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related problems are included in the assessment of final outcome, the 
success-rate is 79 per cent and 38 per cent respectively. Patients with faecal 
soiling benefit more from colonic irrigation than patients with incontinence 
for liquid or solid stools. If creation of a stoma is considered, especially in 
patients with intractable and disabling soiling, it might be worthwhile to 
treat these patients first by colonic irrigation. 
Introduction 
Disturbed continence is a frequently neglected but rather common 
complication of anorectal surgery. Faecal sOiling, for example, occurs 
frequently after fistulotomy, lateral internal sphincterotomy, and 
haemorrhoidectomy. Impaired continence may persist after an attempt to 
restore continence for liquid or solid stool by external anal sphincter plica-
tion. Both faecal soiling and faecal incontinence are distressing conditions 
for the patient and can cause social isolation. For some of these patients 
creation of a stoma might finally be inevitable. 
Irrigation of a colostomy has been used for a long time. This treatment 
modality has been proven to be safe and provides the opportunity to avoid 
use of a colostomy bag!. In 1989, Iwama et a/.2 described rectal application 
of this method to a group of ten patients who complained of difficulty in 
defecation following anterior rectosigmoid resection. Based on our personal 
experience with colostomy irrigation and results obtained from the study by 
Iwama et a/.2, we decided to offer colonic irrigation to a selected group of 
patients with impaired continence. Because there are no data available 
regarding the potential role of colonic irrigation in the treatment of 
continence disturbances, it seems worthwhile to report our experience with 
this treatment modality. 
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Patients & Methods 
Thirty-two patients were offered colonic irrigation on an ambulatory basis 
during the time period between 1989 and 1995. Group I comprised 16 
patients with faecal soiling (11 males; median age 45 (range 23-59) years), 
Group II consisted of 16 patients with faecal incontinence (5 males; median 
age 52 (range 25-72) years). History of the patients is listed in Table 1. 
Hospital records and outpatient clinic charts were analyzed, and follow-up 
information was obtained both from review of charts and personal 
telephone communication by one author (EAV) who had not participated in 
any of the instructions. A questionnaire was used to determine clinical 
outcome. This form included the prevalence of accidental bowel 
movements, use of pads, patient satisfaction, and degree of social isolation. 
Colonic Irrigation 
The patient was instructed by enterostomal therapists. All patients received 
the same instructions, both verbal and written. A conventional colostomy 
irrigation set was used. The set consisted of an irrigation bag, a tube, and a 
cone tip (Biotrol Iryflex, B. Braun Medical BV, Fig. 1). 
Patients were instructed to hang the irrigation bag at shoulder height or 1 
meter above the toilet seat. The volume of warm water to be used for 
irrigation was 500 to 1000 ml. It was essential to run water through the 
feeding tube prior to insertion to avoid inflating the colon with air. When the 
patient sat on the toilet seat, the lubricated cone tip was introduced into the 
anal canal. Irrigation water was instilled within five to ten minutes. The 
patient was instructed to wait several minutes, until the urge to defecate 
was felt before taking out the cone tip. After removal of the cone tip, 
expulsion of irrigation solution could take place. Patients with continence 
disturbances during the daytime were advised to irrigate after they passed 
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Table 1. History of the patients. 
Figure 1. Irrigation bag with the cone tip at the end of the tube. 
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their first stools, whereas patients with sOiling during the night sleep were 
advised to irrigate during the evening. Some cautionary remarks were made 
when the patient was instructed. Water to be used for the washout had to 
be approximately 38° C. Cold water may lead to collapse. To prevent 
nausea, it is recommended that washout be performed at least two hours 
after having a meal. 
Results 
Median duration of follow-up was 18 months. Ten patients decided to 
discontinue irrigations within the first month of treatment. In two 
incontinent patients, this decision was based on the fact that they observed 
no effect of the treatment. Subsequently, in these two patients, a stoma 
was created. In two patients in Group I, original complaints disappeared, 
and thereby the need for irrigation. Painful sensation during irrigation and 
the time consuming aspect of treatment were arguments to discontinue the 
treatment in, respectively, two and four patients. Twenty-two patients still 
perform colonic irrigation. 
In almost three-fourths of the patients, the time period shortly after the first 
stool was found to be the most appropriate time for irrigation, because 
these patients experienced incontinence or soiling during daytime. Twenty-
four per cent of patients decided to perform colonic irrigation before sleep 
to avoid soiling during overnight sleep. Median duration of the procedure 
was 30 (range 10-90) minutes. In 87 per cent of patients one or more 
colonic irrigations per day were required. 
Seventeen patients (77 per cent) of the 22 who are still continuing the 
treatment reported a successful outcome of the colonic irrigation. Results 
and indications for irrigations are listed in Table 2. If patients who 
discontinued treatment because of irrigation-related problems are included 
in the assessment of final outcome, the success-rate drops (Table 3). 
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Table 2. Clinical outcome in patients who continued treatment. 
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Disturbed continence is a frequently neglected but rather common 
complication following anorectal surgery. Fistula surgery may result in 
impaired continence. Although incontinence for solid stool rarely occurs, 
minor defects in continence may follow if even a small amount of sphincter 
muscle is damaged. The incidence after fistulotomy varies from 18 to 52 per 
cenil·6• Internal sphincterotomy may also lead to continence disturbances 
caused by inadequate closure of the anal canal by the internal anal 
sphincter. This condition is usually temporary but may become permanent. 
Faecal soiling after lateral internal sphincterotomy is reported to vary from 0 
to 47 per Cene,B, Continence disorders also occur after nonmuscle-splitting 
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procedures, such as anal stretch procedures (15-25 per cent)9-11, In modern 
surgery for haemorrhoids, incontinence is a rare complication, However, if 
the sphincter mass is inadvertently injured, incontinence may result (20 per 
cent)'2, Following conventional anterior resection, continence is generally 
maintained, However, when anastomosis is performed in the distal third of 
the rectum, impairment of continence might occur. Lewis et al. 13 pOinted 
out that continence after low anterior resection is related to the level of the 
anastomosis and to an appropriate sampling response in the anal sphincter 
to activity within the neorectum, This in turn, is directly related to length of 
the residual rectum, which is, therefore, of crucial importance to function 13 , 
Childbirth is the most common cause of incontinence'4, Primary repair of 
obstetric anal sphincter injury is advisable whenever feasible, Despite this 
primary gynaecologic repair, persistent defects can be demonstrated using 
endoanal ultrasound in 85 per cent of patients'S, A substantial part of 
patients with such an occult defect will become incontinent with increasing 
age, In this group, a secondary repair might be necessary, However, 
despite a secondary repair, faecal incontinence may still persist. Following 
postanal repair, continence disturbances persist in up to 54 per cent of 
patients'6, whereas the failure-rate at long-term follow-up of anterior anal 
repair is as high as 53 per cent17, Recently, it has been shown that these 
results cannot be improved by combining anterior and postanal repair's, 
For patients with persistent incontinence after conventional treatment, such 
as sphincter repair and biofeedback, only a few options are left, Until 
recently, in most patients creation of a stoma was considered, Nowadays 
the dynamic graciloplasty seems to be an excellent, rather expensive 
alternative, Faecal soiling, caused by internal anal sphincter damage after 
anal surgery, is a troublesome condition, which is rather difficult to treat. 
Until now, there have been no data available regarding the potential role of 
irrigations in the treatment of postoperative soiling, In this study colonic 
irrigation was found to be beneficial in 92 per cent of patients with faecal 
soiling, whereas 60 per cent of patients with faecal incontinence considered 
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the treatment as a major improvement to quality of their lives. If patients 
who discontinued treatment because of washout-related problems are 
included in the assessment of final outcome, the success-rate is 79 and 38 
per cent, respectively. As a last resort for patients with disabling continence 
disturbances, construction of a colostomy may become necessary. If 
creation of a stoma is conSidered, especially in patients with intractable 
soiling, it might be worthwhile to treat these patients first by colonic 
irrigation. 
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Abstract 
Suture rectopexy is the recommended therapy for complete rectal prolapse 
that is associated with faecal incontinence. It has been suggested that 
correction of an incomplete rectal prolapse is also worthwhile for patients 
with faecal incontinence. Aims of this study were 1) to evaluate the clinical 
outcome of suture rectopexy in a consecutive series of patients with 
incomplete rectal prolapse associated with faecal incontinence, and 2) to 
compare these results with those obtained from patients with complete 
rectal prolapse. Between 1979 and 1994, suture rectopexy was performed 
in 13 incontinent patients (3 males; median age 65 (range 45-77) years) 
with incomplete rectal prolapse (Group I) and in 24 incontinent patients (3 
males; median age 71 (range 24-86) years) with complete rectal prolapse 
(Group II). After a median follow-up of 67 months, continence was restored 
in 5 out of 13 (38 per cent) patients with incomplete rectal prolapse and in 
16 out of 24 (67 per cent) patients with complete rectal prolapse. In both 
groups, all male patients became continent. For the majority of incontinent 
patients with incomplete rectal prolapse, a suture rectopexy is not 
beneficial. The clinical outcome of this procedure is only good in incontinent 
. patients with complete rectal prolapse. Based on these data, it is 
questionable whether incomplete rectal prolapse plays a causative role in 
faecal incontinence. 
Introduction 
Complete rectal prolapse is associated with faecal incontinence in more than 
50 per cent of casesl . It is well documented that suture rectopexy is 
beneficial for those individuals, restoring continence in 50 to 75 per cent of 
patients2• Incomplete rectal prolapse, first described by Allingham3 in 1873, 
is generally considered as the precursor of complete rectal prolapse+7. 
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Therefore, it has been suggested that this condition also plays a causative 
role in the origin of faecal incontinence. Surgical treatment of incomplete 
prolapse has followed the same lines as that of complete rectal prolapse, 
i.e., some type of rectopexy. Until now, only a few authors have reported 
the results of rectopexy in incontinent patients with rectal intussusceptionB. 
10. Aims of the present study were to 1) to evaluate the clinical outcome of 
suture rectopexy in a consecutive series of patients with incomplete rectal 
prolapse, which was associated with faecal incontinence, and 2) to compare 
these results with those obtained from patients with complete rectal 
prolapse. 
Patients & Methods 
During a is-year period between 1979 and 1994, 13 incontinent patients 
with incomplete rectal prolapse (Group I: 3 males, 10 females; median age 
65 (range 45-77) years) and 24 incontinent patients with complete rectal 
prolapse (Group II: 3 males, 21 females, median age 71 (range 24-86) 
years) were studied. Complete prolapse was defined as full-thickness 
protrusion of the rectal wall through the anal orifice. Additional investigation 
was not performed in patients with such a complete prolapse. During the 
period studied all other patients with faecal incontinence underwent 
evacuation proctography. Incomplete prolapse was defined as an 
intussusception of the rectum that did not transgress the anal canal. 
Patients underwent rectopexy if physical examination did not reveal a 
sphincter defect and if an intussusception of the rectum was found on 
evacuation proctography. In these patients, the incomplete prolapse was 
considered the cause of their problems with continence. Only during the last 
years of the period studied additional sphincter-mapping and anorectal 
manometry was available. Hospital records from the time of the operation 
and outpatient clinic charts were analyzed, and follow-up information was 
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obtained both from review of charts and from personal telephone 
communication by one author (MOB) who had not participated in any of the 
operations. The degree of incontinence was assessed and graded as 
described by Parksll ; Grade I, fully continent; Grade II, soiling and 
incontinence for gas; Grade III, incontinence for liquids; Grade IV, 
incontinence to solid stool. Restoration of continence from Grade IV to 
Grade II or I, or from Grade III to Grade I, was defined as a successful 
result. During the telephone communications, postoperative grading was 
assessed without the knowledge of the preoperative continence status. 
Surgical Treatment 
The suture rectopexy was performed after conventional preoperative bowel 
preparation (polyethylene glycol). With the patient placed in the supine 
position an abdominal incision was made to mobilize the rectum to the level 
of the pelvic fioor. The lateral ligaments were preserved. Fixation of the 
posterior rectal wall to the presacral fascia was performed using absorbable 
sutures. No slings or other foreign material were utilized. 
Results 
No operative deaths occurred in this series. Early postoperative 
complications included urinary tract infection and a wound abscess in, 
respectively, three and four patients. Median duration of follow-up was 67 
(range 10-181) months. Preoperatively, 30 patients were fully incontinent 
(Grade IV), whereas in 7 patients, incontinence was scored as Grade III. 
Treatment was successful in 5 of 13 (38 per cent) patients in Group I and in 
16 of 24 (67 per cent) patients in Group II. In both groups, all male patients 
became continent. The overall success-rate was 57 per cent. None of the 
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patients with restored continence presented with recurrent incontinence 
during the follow-up period. Recurrence of complete rectal prolapse was not 
observed. Eight patients who remained incontinent after suture rectopexy 
were treated by postanal repair. This procedure was successful in only one 
patient. One incontinent patient required a subsequent ileostomy. 
Discussion 
Complete rectal prolapse is a disabling condition which is more common in 
females and is encountered more frequently with increasing age. Its earliest 
description dates back to 1500 B.C. in the Ebers Papyrus12• Recurrent 
prolapse following the Ripstein procedure has been reported in 0 to 13 per 
cent of patients I3,14. Following surgery, continence is restored in 40 to 64 
per cent of patients2• Faecal incontinence in patients with complete rectal 
prolapse may result from injury to the nerve supply and subsequent 
denervation of the pelvic floor and anal sphincters caused by chronic 
stretching and from direct repetitive muscle damage caused by the prolapse 
itself,ls. Rectal prolapse often precedes incontinence, and in these patients, 
it seems probable that the prolapse itself is caused by a weakness of the 
pelvic floor muscles, as has been described in patients with cauda equina 
lesionsl6. In those patients in whom rectal prolapse occurs without 
incontinelice on the other hand, the pelvic floor musculature (as assessed 
by clinical examination, anorectal manometry, and electromyography) is 
frequently normal17• other contributing factors include chronic inhibition of 
the internal anal sphincter via the rectoanal inhibitory reflex18 and loss of 
anorectal sensation8• Electromyographic studies showed increased fiber 
density in the puborectalis muscle and external anal sphincter of incontinent 
patients with a complete rectal prolapse compared with normal controls and 
continent patients with rectal prolapse I7,19. The mechanisms responsible for 
restoration of continence after rectopexy are not fully understood, although 
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improved internal anal sphincter function might be of importance!8. 
Recovery of continence is associated with abolition of high-pressure rectal 
waves, which produce maximal inhibition of sphincter activity before 
operation2o. Furthermore, recovery of electromyographic activity of the 
internal anal sphincter2!, improvement in anorectal sensation22,23, and an 
increase in anal resting pressures2!-27 have been reported following 
rectopexy for complete rectal prolapse. Regardless of the mechanism 
involved, most authors agree that complete rectal prolapse must be 
operated on before irreversible damage to the anal sphincters has occurred. 
In our series, continence was restored in 16 of 24 (67 per cent) patients 
with complete rectal prolapse. These results are concomitant with those 
obtained in other studies on the effect of rectopexy on complete rectal 
prolapse2. 
It has been reported that incomplete rectal prolapse is also associated with 
faecal incontinence8-1O• Rectal intussusception is considered to be a stage 
towards the development of rectal prolapse, because evacuation 
proctography reveals that rectal intussusception starts at the same level as 
in complete rectal prolapses,7. Surgical treatment of incomplete rectal 
prolapse has followed the same lines as that of complete rectal prolapse. 
There have been only a few reports that specifically focus on restoration of 
continence after surgical repair of this condition8-1O• In our series continence 
was restored in 5 of 13 (38 per cent) patients with incomplete prolapse. 
Ihre28 reported that internal intussusception is three times more common 
than complete rectal prolapse. Women are affected six times more 
commonly than men, with a peak incidence for women in the fifth decade29. 
Although rectal intussusception has been considered as a precursor of 
complete rectal prolapse, it has been questioned whether the incomplete 
prolapse, as demonstrated by evacuation proctography, is abnormal or not. 
Goei et al. 30 demonstrated rectal intussusception in 23 per cent of 
asymptomatic women after menopause. Shorvon and colleagues3! reported 
even higher figures; they found intussusception in 50 per cent of young 
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female volunteers. Although Wiersma32 was not able to confirm this finding, 
neither in women, nor in men, it is generally agreed that rectal 
intussusception is a common finding in asymptomatic controls3o,31,33-3s. 
Therefore, most authors have questioned the clinical relevance of 
intussusception. This incertitude is underscored by the findings of our study 
because the majority of our patients with rectal intussusception did not 
experience restoration of continence after rectopexy. In contrast, Ihre and 
SeligsonB and Delemarre et a!.9 noted restoration of continence after 
surgical correction of incomplete rectal prolapse in, respectively, 77 and 62 
per cent of their patients. The differences in clinical outcome are difficult to 
explain. Duration of follow-up in both studies was within the same range as 
that of our present study. Both authors performed an original Ripstein 
procedure, characterized by a posterior rectopexy using Marlex mesh. It 
might be possible that a suture rectopexy is less successful than the 
rectopexy using Marlex mesh. However, Duthie and Bartold3 found no 
significant differences regarding clinical outcome between different methods 
of rectopexy. So, it seems unlikely that the confiicting results are caused by 
differences in surgical technique. It might also be possible that persistent 
incontinence in our patients is due to recurrent intussusception, However, 
the recurrence rate on evacuation proctography is reported to be very 
low6,9,36-3B. Moreover, in our series, there were no recurrences after 
rectopexy for complete rectal prolapse. Therefore our fixation technique 
seems to be adequate. Ihre and SeligsonB defined improvement of 
continence as a successful outcome. However, they did not use the 
classification according to Parksll. In the present study, we defined 
restoration of continence from Grade IV to Grade II or I, or from Grade III 
to Grade I, as a successful result only. In this respect, it might be possible 
that Ihre included patients with minor improvement in continence in his 
success-rateB. On the other hand, Delemarre and colleagues9 used the same 
classification in their study as we did and had better results. Because 
intussusception of the rectum is considered to be a precursor of complete 
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rectal prolapse, it seems likely that the extent of the intussusception is 
related to the final outcome after prolapse repair. If this hypothesis is true, 
it might be possible that in the series of Ihre and Seligson8 and Delemarre 
et al.9 patients presented with an intussusception of a greater extent than in 
our series and had subsequently a better result. Recently, Schultz et al.lO 
studied 12 patients in whom the rectal intussusception was associated with 
unacceptable faecal incontinence. The authors reported improvement of 
continence after rectopexy. However, their results can not be compared 
with those of the present study because SchultzlO and coworkers graded 
faecal incontinence in a different way. 
Although rectal intussusception is considered to be a stage toward 
development of rectal prolapse, progression of incomplete prolapse to 
complete prolapse is not inevitable. Ihre28 noted that only 1 of 20 patients 
with incomplete prolapse who were not treated surgically went on to 
develop complete prolapse. Similarly, Broden and Snellman7 demonstrated 
that during two years, only 2 of their 21 patients developed complete rectal 
prolapse. Therefore, they concluded that rectopexy cannot be 
recommended prophylactically in these patients. 
Conclusions 
For the majority of patients with incomplete prolapse associated with faecal 
incontinence, a rectopexy is not beneficial. Because incomplete prolapse is 
frequently seen on defaecography in asymptomatic controls, it is 
questionable whether this abnormality plays a causative role in faecal 
incontinence. Regardless of the causative factor, these patients suffer from 
faecal incontinence. Although studies suggested a high frequency of 
mechanical disruption of anal sphincters in women who presented with 
incontinence, the incidence of such damage after childbirth was unknown 
until Sultan et al. 39 studied 202 consecutive pregnant women. Thirty-five 
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per cent of primiparae who delivered vaginally developed a sphincter defect 
involving one or both muscles, and this damage persisted at six months. 
Furthermore, when endoanal ultrasound was first applied to a consecutive 
series of women presenting with faecal incontinence, in whom the only 
apparent risk factor was obstetric damage, 90 per cent were found to have 
a structural abnormality in one or both sphincters4o• These findings also cast 
doubt on the importance of incomplete rectal prolapse as a factor in the 
pathogenesis of faecal incontinence. It seems likely that in patients with 
incomplete rectal prolapse and associated faecal incontinence, this condition 
is the result of occult anterior sphincter defects rather than the incomplete 
prolapse itself. 
In our series, all male patients became continent. In male patients with 
complete rectal prolapse, ·this is most likely the result of removal of the 
dilating activity of the prolapse itself. In the male patients with rectal 
intussusception, the improvement may be the result of impaired rectal 
evacuation induced by the procedure itself. In female patients in Groups I 
and II, rectopexy was successful in, respectively, 20 per cent (2/10) and 62 
per cent (13/21) of patients. The low success-rate in female patients might 
be explained by the presence of an occult sphincter defect. This assumption 
is underlined by the fact that the history of all female patients with 
persistent faecal incontinence after rectopexy revealed obstetric tear or 
episiotomy. 
Because the clinical outcome of rectopexy is only good in incontinent 
patients with complete rectal prolapse, the authors advocate a conservative 
attitude toward surgery in patients with faecal incontinence and associated 
incomplete prolapse. These patients should be considered as candidates for 
endoanal ultrasound and subsequent sphincter repair. 
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Abstract 
To evaluate the long-term results after postanal repair in patients with 
faecal incontinence. Thirty-seven patients, who underwent postanal repair 
during the period 1984 to 1992, were contacted by telephone 
communication to determine the current functional status. The median 
duration of follow-up was 38 (range 4-94) months. One year after the 
operation 24 patients (65 per cent) were continent. In 22 patients this 
successful outcome was observed within the first half year. In seven 
patients (29 per cent) incontinence recurred. In 13 patients (35 per cent) 
the functional results were disappointing from the very beginning. The final 
outcome, which was good in only 46 per cent of patients, was not 
influenced by the underlying aetiology. Postanal repair is not beneficial for 
the majority of patients with faecal incontinence. Therefore, it should be 
considered if other treatment modalities might be preferable. 
Introduction 
Faecal incontinence is the disability to control timing and place of 
defecation. This troublesome condition is frequently encountered in the 
elderly. The exact incidence of faecal incontinence is unknown. Estimations 
based upon the UK population, predict the number of Dutch patients with 
faecal incontinence varying between 80.000 and 240.0001• Because most 
incontinent patients are ashamed of their condition, social isolation is 
common. Professional help is asked for relatively late. Damage to the anal 
sphincters is the most common cause of faecal incontinence. Such a 
sphincter defect can be identified by careful history taking and digital 
examination. However, in some patients the sphincters are intact and no 
apparent cause for the continence disturbance can be found. In these 
patients faecal incontinence is called "idiopathic". In recent years the 
80 
Chapter 4 
aetiologic factors contributing to faecal incontinence have been pointed out 
by electromyography. This so-called idiopathic incontinence is thought to be 
caused by denervation of the pelvic floor and external anal sphincter. Tonic 
activity of the pelvic floor, and the puborectal muscle in particular, is 
decreased by the innervation damage. It is thought that in normal patients 
the anorectal angle is about 90° 2. During coughing and sneezing, this angle 
is maintained by an increased intra-abdominal pressure. The anal canal is 
closed by the flap-valve mechanism. It is postulated that the anorectal 
angle becomes more obtuse by denervation of the puborectal muscle, 
causing the flap-valve mechanism to become less efficient. 
In 1975, Parks3 described a technique to reinforce the pelvic floor and 
external anal sphincter in an attempt to solve the problem of idiopathic (i.e. 
neurogenic) incontinence. This procedure was also aimed at restoring the 
anorectal angle. Results of this so-called postanal repair are varying 
between 58 and 86 per cent4•5• Unfortunately, in recent years it became 
clear that the long-term results are less favourable than suggested by those 
promising short-term results6-9• In this study the results of postanal repair in 
37 patients with faecal incontinence are described. 
Patients & Methods 
During the period between 1984 and 1992, 37 patients underwent postanal 
repair. This group of patients consisted of 30 female and 7 male patients. 
Duration of symptoms ranged from 6 months to 40 y~ars, with a median 
duration of 24 months. Classification of faecal incontinence was assessed 
using the scoring system as described by ParkslO• Only patients with faecal 
incontinence Grade III and IV were operated on. Twenty-nine patients were 
operated on by one surgeon. In 24 patients, the cause of faecal 
incontinence could not be found. Thirteen patients underwent postanal 
repair for a posterior sphincter defect, caused by previous anorectal surgery 
81 
Postanal Repair 
or trauma. Prior to physical examination, a detailed history was taken. 
Patients were asked to describe the severity of their faecal incontinence and 
the degree of social isolation. Contributing factors for the continence 
disturbance were assessed (sphincter disrupture during childbirth, episioto-
my, perianal trauma, previous anorectal surgery). Then, physical 
examination was performed. The perineum was inspected carefully for the 
presence of scars. Furthermore, the patient was asked to strain, to exclude 
a rectal prolapse. Following, digital examination was performed to identify 
defects of the anal sphincters. 
Technique of Surgery 
In early years, conventional preoperative preparation by mechanical 
cleansing and antibiotic sterilization of the large bowel during three days 
was used. Later, polyethylene glycol was used for bowel preparation. 
Cefuroxime (1500 mg) and metronidazole (500 mg) were administered 
intravenously after the induction of general endotracheal anaesthesia. 
Postoperatively, this administration was repeated twice. 
All patients were operated on in the lithotomy position. A curved skin 
incision was made 1 to 2 cm behind the anus. The distal portions of both 
internal and external anal sphincter muscles were identified and the 
intersphincteric plane was developed laterally and posteriorly. Dissection in 
the midplane was carried out upwards until Waldeyer's fascia. This fascia 
was incised which offered the possibility to mobilize the rectum anteriorly. 
Next, a row of absorbable sutures (2xO) was laterally placed in the muscles 
and left untied until all sutures were correctly placed. By tying the sutures, 
starting cranially, the pelvic floor muscles, and especially the puborectalis 
and the external anal sphincter muscle were approximated behind the 
rectum. The subcutis was closed, whereas the skin was left open. An 
indwelling bladder catheter was placed postoperatively. 
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Functional outcome following postanal repair was assessed by personal 
telephone communication. Pre- and postoperative continence status was 
compared. Improvement from Grade IV to Grade II or I, or from Grade III 
to Grade I was classified as successful outcome. 
Results 
In the early postoperative period «30 days) four patients suffered bladder 
infection. Two patients developed superficial wound infection. Median 
duration of follow-up was 38 (range 4-94) months. One year following 
postanal repair, 24 (65 per cent) patients were continent, which was 
observed in 22 patients 'within the first half year. Unfortunately, 
incontinence recurred in seven patients (29 per cent) after a median period 
of 16 months following postanal repair. In 13 patients outcome was poor 
from the beginning. Long-term outcome was only good in 46 per cent of 
patients. There was no difference between patients with idiopathic 
incontinence and patients with a posterior sphincter defect (11/24 versus 
6/13). Eventually, in four patients a stoma was fashioned to treat severe 
faecal incontinence. 
Discussion 
Until Parks3 introduced his postanal repair in 1975, the outcome of surgical 
treatment for idiopathic faecal incontinence was poor. He aimed to increase 
the length of the anal canal, and to restore the anorectal angle, in order to 
correct the flap-valve mechanism. This hypothesis is based on proctographic 
findings, suggesting that the anorectal angle is obtuse in patients with 
idiopathic faecal incontinence3,11-15. In contrast, other investigators 
demonstrated anorectal angles within the normal ranges in these patients16-
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19. Therefore, the role of the flap-valve mechanism has been questioned. 
Defaecography has revealed that an increase of intra-abdominal pressure 
does not close the anal canaI20• Furthermore, the flap-valve mechanism will 
only work if pressures in the proximal compartment are higher than in the 
distal compartment. Because during elevated intra-abdominal pressures, 
rectal pressure does not exceed anal pressures, it is unlikely that the flap-
valve mechanism plays an important role in the conservation of 
continence21 • Although postanal repair is aimed at reducing the anorectal 
angle, this could not be demonstrated in most studies ll,16'19, Only one 
published report confirms correction of the anorectal angle following 
postanal repair l4 • However, this study was based on proctographic 
investigation, using a contrast filled balloon. It is doubted that the anorectal 
angle is measured correctly in this way. 
Anorectal manometry has revealed that anal canal pressures in patients 
with idiopathic faecal incontinence are lower than in control patients, both 
at rest and during squeeze I8,19,22.26. Some investigators reported increased 
resting and squeezing pressures following postanal repairI7,19,27,28. Until now, 
only one study pOinted out that outcome is related to elevated anal canal 
pressures29• Others concluded that postanal repair could be beneficial even 
without increased pressuresll,18. Contrary, despite elevated anal pressures, 
patients can still suffer from incontinence18. In other studies no increase in 
pressures could be demonstrated at aIl16,18,2J,24,JO,Jl, Therefore, the effect of 
postanal repair on anal canal pressures remains to be clarified. 
Also, the length of the anal canal has been studied, It has been reported 
that the anal canal length is increased following postanal repair7,29, Others 
were not able to confirm these findings I8,JO,J2. Consequently, it is still unclear 
why patients, following repair, may benefit or not. 
Denervation can be demonstrated by electromyography of the pelvic floor 
and external anal sphincter. Also, defects of the anal sphincters can be 
revealed in this way. Denervation signs have been noted in patients with 
idiopathic faecal incontinence. Prolonged straining at defecation might 
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stretch the pudendal nerve33• Moreover, damage to the pudendal nerve, 
sustained during childbirth results in prolonged latencies of the pudendal 
nerve21 • In most patients with idiopathic faecal incontinence pudendal nerve 
terminal motor latencies are delayed23,34,35. Ongoing of denervation 
following postanal repair has been reported 23 • Moreover, neurogenic injury 
might be worsened by the procedure itselP6. Poor outcome has been 
attributed to injury to and prolonged stretching of the pudendal nerve23. It 
is clear that this neuropathy cannot be treated by postanal repair. Probably 
denervation of the pelvic floor is not the sole contributory factor to the poor 
outcome of postanal repair. Endoanal ultrasound has revealed occult 
sphincter defects in 63 per cent of patients with idiopathic faecal 
incontinence7• Such occult sphincter defects, that cannot be detected by 
digital examination, are usually caused by obstetric trauma. Sphincter 
defects can be identified in 37 per cent of women with apparently 
uneventful deliveries37• These findings illustrate the impact of delivery in the 
pathogenesis of faecal incontinence and the subsequent overestimation of 
idiopathic faecal incontinence. 
In the present study, postanal repair was not only performed for idiopathic 
faecal incontinence. Posterior sphincter defects were also treated with this 
repair. In 13 of the studied patients former anorectal surgery was identified 
as cause for the incontinence. In 24 patients no cause could be found using 
the investigations available at that time. Therefore, incontinence in these 
patients was classified as idiopathic. Endoanal ultrasound was not 
performed in any of the patients. Therefore, it seems likely that these 
patients might have had anterior sphincter defects as result of obstetric 
trauma. 
Despite encouraging shoFt-term results of postanal repair (65 per cent), 
long-term results are disappointing (46 per cent). This outcome is 
comparable with that reported in Iiterature6-9• Obviously, endoanal 
ultrasound is mandatory in the work-up of patients with faecal incontinence 
to reveal occult anterior sphincter defects. It is hypothesized that in the 
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absence of sphincter defects other treatment modalities are more beneficial 
for this group of patients. Biofeedback, aimed at reactivating the remaining 
function of pelvic floor and anal sphincter muscles has been propagated. In 
literature success ranges from 50 to 92 per cenfS,39. These results are so 
promising, that is has been advocated to treat all patients with faecal 
incontinence with biofeedback in the first place. 
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Abstract 
Faecal incontinence caused by overt anterior sphincter defects sustained 
during childbirth is usually treated by a delayed overlapping repair of the 
external anal sphincter. However, an obstetric trauma is frequently 
associated with disruption of the perineal body and loss of the distal 
rectovaginal septum. Data regarding a combined repair, consisting of res-
toration of the rectovaginal septum and perineal body, overlapping external 
anal sphincter repair, and imbrication of the internal anal sphincter, are 
scanty. This prospective study was aimed at the following: 1) evaluating the 
clinical outcome of such an anterior anal repair in patients with faecal incon-
tinence caused by obstetric trauma; 2) comparing the functional results 
with those obtained in a historical group of patients who underwent a 
conventional direct sphincter repair. During the period between 1973 and 
1989, 24 female patients (median age 44 (range 28-67) years) with faecal 
incontinence underwent direct sphincter repair (Group I). During the period 
between 1989 and 1994, a consecutive series of 31 female patients 
(median age 46 (range 23-78) years) with faecal incontinence underwent 
anterior anal repair (Group II). At two years of follow-up, continence had 
been restored in 15 patients (63 per cent) in Group I, whereas restoration 
of continence was successful in 21 patients (68 per cent) in Group II. The 
more complex anterior anal repair fails to confer clinical benefit compared 
with the rather simple direct sphincter repair. 
Introduction 
Faecal incontinence requiring surgical correction is generally the result of an 
acquired sphincter muscle injury sustained during childbirth or anorectal 
surgeryl,2. Such an injury might be overt or occult. The incidence of overt 
obstetric perineal injury following normal vaginal delivery is about 5 per 
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centJ, Overt obstetric injuries are frequently associated with disruption of 
the perineal body, division of both anal sphincters, and loss of the distal 
rectovaginal septum3, Usually, such an injury is corrected by the 
gynaecologist shortly after delivery, Despite such a primary repair, persis-
tent sphincter defects have been reported l!sing endoanal ultrasound in 85 
per cent of patients4 , The incidence of faecal incontinence among those 
women is approximately 4 per centJ, The incidence of occult sphincter 
damage after childbirth was unknown until Sultan et a/. 5 studied a 
consecutive group of 202 pregnant women, On endoanal ultrasound, 35 per 
cent of primiparae who delivered vaginally developed a sphincter defect 
involving one or both muscles, and this damage perSisted at six months, 
Furthermore, Burnett et a/.6 showed that in a consecutive series of women 
presenting with faecal incontinence, in whom the only apparent risk factor 
was obstetric damage, 90 per cent were found to have an anterior defect in 
one or both sphincters, Because sphincter muscle injury, sustained during 
childbirth, is frequently associated with disruption of the perineal body and 
loss of the distal rectovaginal septum, reinforcement of the rectovaginal 
septum and overlapping pubo-sphincteroplasty has been advocated for the 
treatment of obstetric faecal incontinence, In 1985, Corman? reported 
excellent results after anterior reefing with anoplasty for incontinence after 
obstetric injury, Later, these promising results were confirmed by Stricker et 
a/.8 and Abcarian et a/.9 
The aims of this study were to prospectively assess the functional results of 
anterior anal repair, consisting of combined restoration of the rectovaginal 
septum and perineal body, overlapping external anal sphincter repair, and 
imbrication of the internal anal sphincter, by comparing these results with 
those obtained in a historical group of patients who underwent a conven-
tional direct sphincter repair, 
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Patients & Methods 
During the period between 1973 and 1989, 24 female patients (median age 
44 (range 28-67) years) with faecal incontinence as a result of obstetric 
trauma underwent direct sphincter repair (Group J) and were retrospectively 
evaluated. During the period between 1989 and 1994, a consecutive series 
of 31 female patients (median age 46 (range 23-78) years) with faecal 
incontinence underwent anterior anal repair (Group II) and was 
prospectively evaluated. Duration of symptoms ranged from 3 months to 23 
years in Group J (median 84 months) and from 7 months to 21 years in 
Group II (median 45 months). 
In both groups, the origin of sphincter defects was obstetric. None of the 
patients had associated rectal prolapse. Three patients in Group I and four 
patients in Group II had undergone at least one previous attempt at 
surgical correction. In Group II, associated lesions included seven patients 
with rectoceles and two patients with rectovaginal fistulas. These anomalies 
were treated simultaneously with anterior anal repair. 
Hospital records from the time of the operation and outpatient clinic charts 
were analyzed, and follow-up information was obtained both from review of 
charts and personal telephone communication by one author (LMdB) who 
had not participated in any of the operations. The degree of incontinence 
was assessed and graded as described by ParkslO; Grade I, fully continent; 
Grade II, soiling and incontinence for gas; Grade III, incontinence for 
liquids; Grade IV, incontinence for solid stool. 
Preoperatively, degree of incontinence was equally distributed. In Group I, 
14 patients presented with faecal incontinence Grade IV and 10 patients 
with Grade III. In Group II, 17 patients suffered from Grade IV and 14 
patients from Grade III faecal incontinence. 
Restoration of continence from Grade IV to Grade II or I or from Grade III 
to Grade I, was defined as a successful outcome. During telephone com-
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munication, postoperative grading was assessed without knowledge of the 
preoperative continence status. 
Preoperative Care 
Preoperatively, patients in Group I were given a clear liquid diet and 
received an enema for cleansing the bowel. Patients in Group II underwent 
complete mechanical bowel preparation (polyethylene glycol). Metro-
nidazole (500 mg) together with cefamandole (1 g) in Group I or cefu-
roxime (1500 mg) in Group II was administered intravenously after the 
induction of general endotracheal anaesthesia. All patients were placed in 
the lithotomy position with an indwelling bladder catheter in place. 
Direct Sphincter Repair 
A curvilinear incision paralleling the outer edge of the superficial part of the 
external anal sphincter was used to separate the anoderm from the 
underlying external anal sphincter. The arc of the incision was limited to 
180 to 2400 anterolaterally to avoid pudendal nerve damage. Then both 
ends of the external anal sphincter were identified. Next, an overlapping 
repair of the external anal sphincter with interrupted absorbable sutures 
(2xO) was performed (Fig. 1). 
Anterior Anal Repair 
A similar incision was made. Then, cephalad mobilization was extended. 
The posterior vaginal wall was separated from the anterior rectal wall. Next, 
the intersphincteric plane was entered bilaterally to separate the external 
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Figure 1. Diagrammatic sketch of direct sphincter repair. 
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anal sphincter and the internal anal sphincter. The entire scar tissue in the 
anterior midline was divided completely. Then, the anterior rectal wall was 
plica ted (3xO), the internal anal sphincter was imbricated (2xO), both parts 
of the puborectal sling were approximated (2xO), and an overlapping repair 
of the external anal sphincter was performed (2xO; Fig. 2). 
After sphincter repair in both groups, the subcutaneous layer was closed 
and the skin was left open. Temporary covering colostomies were not 
fashioned in either group. 
Postoperative Care 
Postoperatively, three doses of gentamicin (80 mg) and metronidazole (500 
mg) were administered on a daily basis for a period of two days in Group I, 
whereas three doses of cefuroxine (1500 mg) and metronidazole (500 mg) 
were administered on a daily basis for a period of five days in Group II. 
Patients were instructed to retain strict bed rest for three days and for five 
days, respectively. All patients were kept on a clear liquid diet for five days. 
Three times daily, sitz baths began on the first postoperative day, and the 
bladder catheter was usually removed on the fourth day. Pain medication 
was required for approximately seven to ten days. After starting with a 
regular diet, stool softeners were prescribed. Patients usually left the 
hospital in seven to ten days. 
Results 
Within the first 30 days postoperatively, anal sphincter reconstruction was 
complicated by a wound abscess in three patients in Group I and in three 
patients in Group II. Two patients suffered a urinary tract infection in Group 
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I, whereas none of the patients in Group II presented with a urinary tract 
infection. Long-term complications comprised one perineovaginal fistula and 
one rectovaginal fistula in Group II. One patient complained about disabling 
dyspareunia after anterior anal repair. In this patient the anterior 
sphincteroplasty was broken down, and within the same procedure a 
postanal repair was performed. 
At 24 months of follow-up, continence had been restored in 15 patients (63 
per cent) in Group I, whereas in Group II the procedure was successful in 
21 patients (68 per cent). The functional outcome in both groups 
deteriorated with the length of follow-up (Fig. 3). 
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Figure 3. Ongoing success-rate after direct sphincter repair (solid curve: 
--) and anterior anal repair (dashed curve: - -). Log-rank test, P=O.86 
In Group I, the outcome in patients without previous sphincter repair was 
better than in patients who underwent a previous attempt to restore their 
continence (62 versus 33 per cent; not significant). Similarly, in Group II, 
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the success-rate was greatly reduced when patients had already undergone 
sphincter repair compared with those who underwent a first attempt (50 
versus 81 per cent; not significant), 
The associated lesions in Group II did not affect the final outcome, The two 
coexisting rectovaginal fistulas were healed after anterior anal repair, 
whereas continence had also been restored in these two patients, Four of 
the seven patients (57 per cent) with an accompanying rectocele regained 
their continence after anterior anal repair, 
Discussion 
Laceration of the perineum during delivery might sever the anal sphincters, 
Usually such an injury is repaired by the gynaecologist shortly after 
childbirth, Despite such a repair, quite a number of women complain about 
faecal incontinence, The incidence of this complication varies between 4 
and 7 per cenil' 11 , By using endoanal ultrasound, it has been shown that 
after primary repair, persistent defects are present in 85 per cent of 
patients4, It is likely that patients with such an occult defect might become 
incontinent with increasing age, In these patients, a secondary repair is 
necessary, In 1882, Warren12 was the first to describe a perineal repair for 
anorectal laceration, In 1940, Blaisdell13 reported the collective results of 
the American Proctological Society using a direct end-to-end sphincter 
repair, His survey revealed that this technique resulted in a failure rate as 
high as 40 per cent. End-to-end apposition has been criticized because of 
disappointing results from cutting out the sutures and retracting the muscle 
ends14, Overlapping sphincteroplasty, as described by Parks and McPartlin in 
197115 and later modified by Slade et a1. 16, showed better results, By 
overlapping the sphincter muscle, the surface area in contact is greatly 
increased, By using this technique, tearing out of the sutures was thought 
to be less likely, Functional results have been reported, varying from 47 to 
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96 per cent of patients1?,18. However, sphincter muscle injury sustained 
during childbirth is not confined to the external anal sphincter only, 
Frequently, both anal sphincters are divided. Furthermore, both the perineal 
body and the distal rectovaginal septum may be disrupted3• In 1991, 
Wexner and colleagues19 performed overlapping sphincteroplasty with 
internal anal sphincter imbrication in 16 female patients with an isolated 
anterior external anal sphincter defect. After ten months of follow-up, 76 
per cent of patients had an excellent or good result'9. It is questionable 
whether addition of internal anal sphincter imbrication is worthwhile or not, 
because similar results have been reported after conventional overlapping 
sphincter repair1?,18. Corman? and Stricker et al.8 advocated anterior 
sphincter repair combined with anoplasty. Twenty-eight patients in the 
series by Corman? underwent anterior reefing with anoplasty for 
incontinence after obstetric injury, and all had improvement at three 
months to three years. Similarly, Stricker et al.8 pOinted out that the 
addition of anoplasty showed much better results than anterior reefing 
without anoplasty, both for the short-term and the long-term, Abcarian et 
al.9 reported excellent functional results in patients with traumatic cloaca 
after childbirth. He pointed out the advantages of extended repair: 1) it 
constructs a new perineal body and gives support to the sphincteroplasty; 
2) it creates a distance between the anus and vagina; 3) it places normal, 
healthy layer of muscle between the posterior vaginal and anterior anorectal 
walls9. Based on these reports, we decided to conduct a prospective study 
in a consecutive series of patients. The repair consisted of external and 
internal anal sphincter plication, reinforcement of the rectovaginal septum, 
and approximation of the puborectal sling, The results in this series were 
compared with a historical group of patients who underwent a conventional 
direct sphincter repair. As shown by the present study, clinical outcome in 
both groups was similar (8g, 3), 
It has been suggested that separation of the internal and external anal 
sphincter affects outcome18. The effect of additional anoplasty might, 
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therefore, be undone by imbrication of the internal anal sphincter. The 
study conducted by Wexner and coworkers19 does not provide evidence that 
additional imbrication of the internal anal sphincter is beneficial, because 
the outcome in this series is similar with that obtained after conventional 
sphincter repair17,18, The lack of benefit of additional anoplasty is also 
supported by a recent study conducted by Osterberg et a/. 20• They reported 
excellent and good results in 40 of 54 (74 per cent) patients who had an 
obstetric injury after anterior levatorplasty alone. This result was sustained 
in the long-term2o• 
The process of regaining continence after sphincter repair is far more 
complex than supposed. Electromyographic studies demonstrated severe 
denervation and pudendal nerve damage in patients who remained incon-
tinene7,19,21. Wexner et a/. 19 suggested that pudendal nerve terminal motor 
latency may be a much more significant predictor of outcome than either 
age or preoperative manometric pressures. Laurberg et a/. 17 and Fleshman 
and colleagues22 demonstrated that complete control of continence could be 
achieved if anal sphincter length, resting pressure, squeeze pressure, and 
anal sensation were restored to normal. These findings could not be con-
firmed by Luukkonen and Jarvinen23. Cterkteko et a/. 24 studied a number of 
factors in relation to the results of sphincteroplasty. He found that the older 
the patient, the more likely were problems with continence after the 
operation, the necessity of wearing pads, and dissatisfaction with the result 
of the operation. The longer the patient had been incontinent before 
operation, the more likely the results would be poor. With respect to cause, 
patients with obstetric sphincter injuries were less likely to remain incon-
tinent than patients with iatrogenic defects. Patients who had a previous 
attempt at repairs tended to have worse results24• This was also 
demonstrated in the present study, both in patients who underwent direct 
sphincter repair and those who had anterior anal repair. 
The rather complex and extended anterior anal repair carries more risk than 
a conventional sphincter repair. In our opinion, it is only worthwhile to 
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perform an anterior anal repair provided the results of this procedure are 
significantly better than the conventional direct sphincter repair. Because 
anterior anal repair seems to fail to confer clinical benefit, a prospective, 
randomized study using both techniques would be needed to further 
support this conclusion. 
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Abstract 
Atrophy of the external anal sphincter can be shown only on endoanal 
magnetic resonance imaging (MRI). Until now, no study has compared the 
morphological endoanal MRI findings with histopathological aspects of the 
external anal sphincter. The aim of this study was to validate the MRI 
interpretation of the external anal sphincter using histology as a 'gold 
standard'. In this prospective study 25 consecutive unselected women 
(median age 48 (range 27-72) years) with faecal incontinence due to 
obstetric trauma were assessed preoperatively with endoanal MRI. All 
patients underwent anterior sphincteroplasty within 6 months of the 
preoperative assessment. During sphincter repair, a biopsy specimen was 
taken both from the left and right lateral parts of the external anal 
sphincter. Interpretation of MRI was performed by one of the radiologists 
(JS), and biopsy specimens were evaluated by the pathologist (WJM). Both 
were blinded to the interpretation of the other. MRI revealed external anal 
sphincter atrophy in 9 of the 25 patients (36 per cent). Histopathological 
investigation confirmed these findings in all but one. In one additional 
patient atrophy was detected on histological investigation, while the 
morphology of the external anal sphincter was classified as normal on MRI. 
In detecting sphincter atrophy endoanal MRI showed: 89% sensitivity, 94% 
specificity, 89% positive predictive value, and 94% negative predictive 
value. MRI correctly identified sphincter morphology in 23 of 25 cases (92 
per cent). This study demonstrates that endoanal MRI accurately identifies 
normal and abnormal external anal sphincter morphology. Endoanal MRI is 
therefore a valuable preoperative diagnostic tool. 
Introduction 
Endoanal magnetic resonance imaging (MRI) has recently been introduced 
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in the diagnostic workup of patients with faecal incontinence'-s. The high 
intrinsic contrast resolution of MRI and the high spatial resolution of an 
endoanal coil facilitate detection of defects of the internal and external anal 
sphincter. It has been shown that endoanal MRI also enables the detection 
of external anal sphincter atrophy,,4,s. Atrophy of the external anal sphincter 
cannot be demonstrated, using conventional endoanal ultrasound. The poor 
inherent contrast of endoanal ultrasound causes cumbersome identification 
of the external anal sphincter, and therefore measurements of the muscle 
diameter of the anal sphincters by endoanal ultrasound are found to be 
unreliable6. The main disadvantages of endoanal MRI are the time and the 
cost of an examination, which are both greater than for endoanal 
ultrasound. Therefore preoperative endoanal MRI is justified only if it 
accurately identifies sphincter morphology. This prospective study 
compared the MRI interpretation of the external anal sphincter with the 
histological findings. 
Patients & Methods 
Written informed consent was obtained from all patients. In this 
prospective study 25 consecutive unselected women (median age 48 (range 
27-72) years) with faecal incontinence due to obstetric trauma were 
assessed preoperatively by means of history, digital examination, anal 
manometry, endoanal ultrasound, and endoanal MRI. All patients 
underwent anterior sphincteroplasty within 6 months after preoperative as-
sessment. Patients underwent anterior anal repair as described earlier? This 
procedure was performed by one surgeon (WRS). During sphincter repair, a 
biopsy specimen was taken both from the left and right lateral parts of the 
external . anal sphincter. MRI results were interpreted by one of the 
radiologists (JS), and biopsy specimens were evaluated by the pathologist 
(WJM). Both were blinded to the interpretation of the other. 
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Endoanal MRI 
MRI was performed at 0.5 T (Gyroscan TS-II, Philips Medical Systems, Best, 
The Netherlands). An endoanal coil with a diameter of 19 mm (Philips) was 
used3-5• Axial T2-weighted three-dimensional gradient echo and coronal and 
sagittal T2-weighted turbo spin-echo sequences were performed. An 
anterior sphincter defect was present in all patients. The remaining 
sphincter muscle was assessed. External anal sphincter morphology was 
classified as normal or atrophied. Normal endoanal MR findings were used 
as a reference to determine sphincter atrophy with endoanal MRI as no 
criteria eXisf. Atrophy of the external anal sphincter was defined as 
extreme thinning of its sphincter fibers or generalized fatty infiltration. 
Histopathological Examination 
During surgery full-thickness biopsy specimens, transversing the entire band 
of tissue, were taken from the left and right lateral parts of the external 
anal sphincter. Biopsy specimens were fixed in 4 per cent neutral buffered 
formaldehyde, and processed using standard procedures. Paraffin sections 
were stained with haematoxylin and eosin. Histologically, the external anal 
sphincter was considered to be atrophied when the striated muscle tissue 
exhibited diminished diameter of some muscle fibers, in association with 
replacement by fatty tissue. 
Results 
Both ultrasound and MRI demonstrated anterior sphincter defects in all 
patients. Histologically this was found to correspond to replacement with 
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fibrous tissue. MRI showed the morphology of the remaining external anal 
sphincter to be normal in 16 patients (Fig. 1). 
In 15 of these cases biopsy sampling showed normal external anal sphincter 
morphology, apart from scattered fibrosis (Fig. 2), and in the remaining 
case histopathological examination revealed external anal sphincter atrophy. 
Endoanal MRI diagnosed external anal sphincter atrophy in 9 patients (Fig. 
3). 
Atrophy of the external anal sphincter was demonstrated only on MRI. His-
topathologically these findings were confirmed in 8 patients (Fig. 4). The 
biopsy samples of the other patient were found to be normal. 
The correlation between radiological and histological findings in the 
detection of sphincter atrophy was high, with endoanal MRI showing 89% 
sensitivity, 94% specificity, 89% positive predictive value, and 94% 
negative predictive value. In two patients MRI showed an asymmetrical 
aspect of the external anal sphincter. One lateral side was found to be 
normal, while the other lateral side showed marked atrophy of the external 
anal sphincter; in both cases these asymmetrical findings were confirmed 
histologically. 
The prevalence of sphincter atrophy was 36 per cent, detected by either 
endoanal MRI or histopathology. MRI correctly identified sphincter 
morphology in 23 of 25 cases (92 per cent). There was no relationship 
between the patient's age and the presence of external anal sphincter 
atrophy. Furthermore, the prevalence of sphincter atrophy did not differ in 
patients with immediate-onset or late-onset faecal incontinence. 
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Figure 1. Normal external anal sphincter on endoanal MRI with anterior 
defect. Arrows relatively dark gray external anal sphincter 
Figure 2. Biopsy specimen of normal external anal sphincter. 
Figure 3. Atrophy of the external anal sphincter on endoanal MRI with 
anterior defect. Arrows relatively dark gray external anal 
sphincter 
Figure 4. Biopsy specimen of atrophic external anal sphincter. 
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Discussion 
Faecal incontinence is a troublesome condition. It may have any of various 
causes, but sphincter damage sustained during childbirth is the most 
common. It is generally thought that vaginal delivery also damages the 
innervation of the muscles of the pelvic floor. The major risk factors include 
a prolonged second stage of labour, delivery of a large baby and forceps 
delivery. The most commonly used tools in the diagnostic work-Up of 
patients presenting with faecal incontinence consist of digital examination, 
anal manometry, proctography and electromyography. Recently, the 
assessment of sphincter injuries has been revolutionized by the introduction 
of endoanal ultrasound8. Cadaveric studies show a close correlation 
between ultrasonographic images and anatomical structures9,1O. Internal 
and/or external anal sphincter defects can be identified accurately. 
Endoanal ultrasonography is quick to perform and comparatively 
inexpensivell . However, a major limitation of endoanal endosonography is 
the poor inherent contrast} which hinders identification of the external anal 
sphincter. Endoanal ultrasound does not define the echogenic external anal 
sphincter well against the perianal fat. Measurements of the diameter of the 
anal sphincter muscles are unreliable since these measures are not 
reproducible6. More recently endoanal MRI was added to the arsenal of 
sphincter assessment. It has been shown that the use of an endoanal coil 
also enables the detection of anal sphincter defects. The two techniques are 
equally accurate in detecting sphincter defects. However, the sphincter 
defects are better delineated with endoanal MRI12. Correlation studies 
between MRI and in vitro anatomy have confirmed that MRI correctly 
identifies the various layers of the anal sphincter complex, and that 
endoanal MRI findings show a good correlation with cross-sectional 
anatomy13,14. The sensitive region of the endoanal coil extends beyond the 
region normally visualized with endoanal ultrasound. Endoanal MRI, with its 
high intrinsic contrast resolution and the high spatial resolution of an 
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endoanal coil, enables the detection of external anal sphincter atrophy l,4,5. 
Atrophy of the external anal sphincter is characterized by extreme thinning 
of its sphincter fibers or generalized fatty infiltration. 
Until now, the specific morphological aspects of the external anal sphincter 
as shown by endoanal MRI, such as atrophy, have not been validated, and 
it was to validate these MRI findings that the present study was carried out. 
The authors used the outcome of histological examination as the 'gold 
standard'. Endoanal MRI accurately identified normal and abnormal external 
anal sphincter morphology. Sphincter atrophy was found in 36 per cent of 
the patients. We found no relationship between external anal sphincter 
atrophy and the patient's age. There was also no difference between the 
prevalence of sphincter atrophy in patients with immediate-onset and 
late-onset faecal incontinence. Therefore, it seems likely that sphincter 
atrophy is caused by the denervating effect of obstetric trauma, rather 
than ageing of the patient. Factors such as menopause and the resulting 
lack of estrogen hormones do not seem to be significant in causing 
sphincter atrophy. 
The introduction of endoanal ultrasound emphasized the importance of 
internal and external anal sphincter defects, The introduction of endoanal 
MRI has not only confirmed these findings but also revealed the coexistence 
of sphincter atrophy. Sphincter defects are now considered as the main 
cause of continence disturbances following obstetric injury. External anal 
sphincter atrophy may play also an important role. Roberts et al. 15 studied 
women with faecal incontinence after vaginal delivery, and reported that, 
although specific anterior defects may be expected following obstetric 
trauma, global defects of the sphincter, as assessed by anorectal 
manometry catheter, are not to be expected and may support the role of 
injury to the innervation of the musculature of the pelvic floor as a 
contributing cause of faecal incontinence after childbirth. Therefore, anal 
sphincter rupture and de nervation may coexist in patients with faecal 
incontinence due to obstetric injury16,17. 
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Denervation of the pelvic floor has serious consequences. Atrophy of the 
external anal sphincter is most likely the result of denervation injury. The 
external anal sphincter is composed of striated voluntary muscle and is 
controlled by the somatic nervous system. The efferent innervation of the 
external anal sphincter for both tonic and phasic contractions originates in 
spinal cord segment S2 and travels through the pudendal nerve18. The 
pudendal nerve supplies the ipsilateral external anal sphincter muscles, but 
not the puborectalis muscle19• The puborectalis muscle is innervated by a 
branch of the sacral nerve (S3 and S4). The puborectalis and the external 
anal sphincter muscles are thus innervated by different motor nerves, 
although both originate in the same spinal cord segments. Cross-
innervation from side to side has been observed in monkeys, with a 
substantial overlap in the pudendal innervation on the two sideszo. This 
overlapping innervation may permit partial reinnervation from the opposite 
side when there is pudendal nerve damage. However, fiber hypertrophy 
may itself lead to secondary degenerative changes in muscles, and thus to 
failure of compensation21 • 
Until now, denervation of the external anal sphincter has been determined 
only by either electromyography or pudendal nerve terminal motor 
latencies. However, normal latencies do not exclude nerve damage 
because only the most rapidly conducting fibers are recorded. Also, 
denervation of the external anal sphincter and its detection fade in time 
while the sphincter damage remains. This probably explains why DeSouza 
et a/.22 found that atrophy of individual components of the external anal 
sphincter is not related to the degree of delay in pudendal nerve 
conduction. Although further information on reinnervation may be obtained 
from single fiber electromyography, this is painful for the patient. Since 
electromyography is a blind procedure, loss of electrical muscular activity 
may also occur as a result of needle placement outside the external anal 
sphincter or within the internal sphincter. In contrast, endoanal MRI 
enables the direct detection of external sphincter atrophy, rather than 
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leaving its existence to be presumed. Endoanal MRI is well tolerated since 
it causes no more discomfort than digital examination. The present study 
validates the endoanal MRI findings. In our opinion, endoanal MRI renders 
electromyography and assessment of the pudendal nerve terminal motor 
latency largely superfluous. 
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Abstract 
There is still considerable debate about the value of preoperative anorectal 
physiological parameters in predicting the clinical outcome after 
sphincteroplasty. Recently it has been reported that atrophy of the external 
anal sphincter can be clearly shown with endoanal magnetic resonance 
imaging (MRI). The aims of this study were to investigate the prevalence of 
external anal sphincter atrophy in women with anterior sphincter defects 
due to obstetric injury and to determine the impact of external anal 
sphincter atrophy on the outcome of sphincteroplasty. In this prospective 
study, 20 consecutive women (median age 50 (range 28-75) years) with 
faecal incontinence due to obstetric trauma were assessed before operation 
with endoanal ultrasonography and endoanal MRI. The external anal 
sphincter was examined and evaluated for the presence of atrophy. The 
clinical outcome of sphincteroplasty was interpreted without knowledge of 
the magnetic resonance and ultrasonographic images. In all patients 
anterior sphincterdefects could be demonstrated with ultrasonography and 
MRI. External anal sphincter atrophy could only be demonstrated on MRI. 
Eight of 20 patients had external anal sphincter atrophy (40 per cent). 
Continence was restored in 13 patients (65 per cent). Outcome was 
significantly better in those without external anal sphincter atrophy (11 of 
12 patients versus two of eight; P=0.004). External anal sphincter atrophy 
can only be visualized on endoanal MRI and affects continence after 
sphincteroplasty. Endoanal MRI is valuable in the preoperative assessment 
of patients with faecal incontinence. 
Introduction 
Childbirth is the most common cause of faecal incontinence'. Following 
primary gynaecological repair of perineal tears, persistent defects can be 
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demonstrated in 85 per cent of patients2• A substantial part of patients with 
an occult sphincter defect will become incontinent with increasing age. The 
incidence of occult sphincter damage after childbirth was unknown until 
Sultan et ae studied a consecutive group of 202 pregnant women. On 
endoanal ultrasonography, 35 per cent of primiparae who delivered 
vaginally developed a sphincter defect involving one or both muscles, which 
persisted at 6 months. Although sphincter defects due to obstetric trauma 
can be restored adequately by overlapping sphincteroplasty, incontinence 
persists in a substantial number of patients. The reported failure rates at 
long-term follow-up vary between 4 per cent4 and 53 per cenf. 
Preoperative evaluation of patients with faecal incontinence usually includes 
anorectal manometry, evacuation proctography, assessment of pudendal 
nerve terminal motor latency, and endoanal ultrasonography. The role of 
these preoperative anorectal function tests in predicting the outcome of 
sphincteroplasty is still controversial. Reports about the predictive value of 
these tests are numerous and conflicting. 
Recently, it has been shown that endoanal magnetic resonance imaging 
(MRI) enables the detection of external anal sphincter atrophy6-10 (Figs. 1 
and 2). 
Using conventional endoanal ultrasonography, atrophy cannot be 
demonstrated. The main disadvantages with MRI are the time required and 
the cost of an examination, which are both greater than those of endoanal 
ultrasonography. Therefore preoperative endoanal MRI is only justified if it 
influences surgical decision-making or predicts final outcome. A prospective 
study was conducted to investigate the prevalence of external anal 
sphincter atrophy in women with anterior sphincter defects due to obstetric 
injury. The impact of external anal sphincter atrophy on the outcome of 
sphincteroplasty was also studied. 
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Figure 1. Normal external anal sphincter on endoanal MRI with anterior 
defect. Arrows relatively dark gray external anal sphincter 
Figure 2. Atrophy of the external anal sphincter on endoanal MRI with 
anterior defect. Arrows relatively dark gray external anal sphincter 
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Patients & Methods 
Twenty consecutive women (median age 50 (range 28-75) years) with 
faecal incontinence due to obstetric trauma were assessed clinically by 
means of history and digital examination, and by preoperative anal 
manometry, endoanal ultrasonography, and endoanal MRI. Both sphincters 
were examined and external anal sphincter atrophy was scored. Within 6 
months of the preoperative assessment, all patients underwent anterior 
anal repair, as described earlierl1 • All repairs were performed by one 
surgeon (WRS). Clinical outcome was evaluated using the grade and fre-
quency of faecal incontinence, the need for pads, the grade of social 
isolation and patient satisfaction after a median follow-up of 1 year. The 
degree of incontinence was graded as described by Parks12 : grade I, fully 
continent; grade II, soiling and incontinence for gas; grade III, incontinence 
for liquids; and grade IV, incontinence for solid stool. Restoration of 
continence from grade IV to grade II or I, or from grade III to grade I, was 
defined as a successful outcome. Outcome was interpreted without 
knowledge of the magnetic resonance and ultrasonography images. 
The decision to perform surgery was based solely on endosonography. MRI 
was considered additional and did not influence treatment. 
EndoanalSonography 
A Bri.iel & Kjaer (Naerum, Denmark) ultrasound scanner was used with a 
rotating probe providing a 3600 image. A 7-MHz transducer, with minimum 
beam width of 1.1 mm and a focal length of about 3 cm, was used. 
Transverse images were obtained, at least at four different levels, through 
the anal canal. 
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Endoanal Magnetic Resonance Imaging 
MRI was performed at 0.5 T (Gyroscan TS-II; Philips Medical Systems, Best, 
The Netherlands). An endoanal coil with a diameter of 19 mm (Philips 
Medical Systems) was used7-9• Axial T2-weighted three-dimensional gradient 
echo and coronal and sagittal T2-weighted turbo spin-echo sequences were 
performed. 
Determination of Atrophy 
External anal sphincter. atrophy was assessed on hard copy by one 
radiologist (JS). To determine sphincter damage with endoanal MRI, as no 
criteria exist, normal endoanal MRI findings were used as a reference7• 
Atrophy of the external anal sphincter was defined as extreme thinning of 
its sphincter fibres or generalized fatty infiltration. The magnetic resonance 
images were also evaluated quantitatively using a work station with 
commercially available software (Gyroview HR; Philips Medical Systems, 
Best, The Netherlands). In all cases the anterior part of the external anal 
sphincter could not be identified because of an anterior sphincter defect. 
External anal sphincter width at the posterior side and at both lateral sides 
was determined. Furthermore, the arc of the anterior defect was noted. The 
area of the remaining part of the external anal sphincter was measured 
(Fig. 3). 
All measurements were performed on the MRI slice located at the mid-level 
of the anal canal, in each patient. This level of the anal canal was chosen 
based on normal anatomy findings using endoanal MR(. At the lowest part 
of the anal canal, the external anal sphincter consists of two halves 
embedded within the ischioanal space. Cranial to this level, the two lateral 
halves of the external anal sphincter are connected to each other anteriorly. 
Just slightly cranial to this level the external sphincter becomes completely 
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circular, representing the mid-level, which was measured in the present 
study. More cranial to this level, the puborectalis muscle is first seen on 
endoanal MRI. 
To investigate the possibility of interobserver bias, the results of 
quantitative MRI assessment performed by ):vIo investigators (JWB and ER) 
were compared. Each was blinded to the measurements of the other. 
Figure 3. Endoanal magnetic resonance imaging showing delineation of 
area on the image. Area is calculated by the integral software. 
Statistical Analysis 
Fisher's exact test was used for the comparison of percentages. Mann-
Whitney test was used to compare continuous data between groups. To 
determine agreement between measurements of different investigators, the 
intraclass correlation coefficient was used. P=O.OS was considered the limit 
of significance. 
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Results 
In all patients anterior sphincterdefects were demonstrated with 
ultrasonography and MRI. Qualitative or semi-quantitative measurements of 
the thickness of the external sphincter muscle was not feasible on endoanal 
ultrasonography. External anal sphincter atrophy could only be 
demonstrated on endoanal MRI. The prevalence of external anal sphincter 
atrophy (determined by one of the radiologists) was 40 per cent (eight of 
20 patients). Continence was restored in 13 patients (65 per cent). Com-
paring patients with and without atrophy, clinical outcome was significantly 
better in those without external anal sphincter atrophy (11 of 12 versustwo 
of eight; P=0.004). The MRI measurements are listed in Table 1. 
Table 1. Magnetic resonance imaging measurements in patients with 
poor and good outcome after sphincter repair. 
Values are median (range). Mann-Whitney test. 
Determination of external anal sphincter width at the posterior side and 
both lateral sides was shown not to be useful in predicting the outcome of 
sphincter repair. However, there was a significant relationship between the 
outcome of sphincteroplasty and the arc of the external anal sphincter 
defect (P=0.04). Furthermore, the area of the remaining external anal 
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sphincter was related to outcome (P=0.002). Of these two parameters, the 
area of the remaining external anal sphincter was the better predictor 
(Table 1). 
For area of the remaining external anal sphincter, the cut-off point for 
successful outcome was determined. The greatest area in patients with a 
poor outcome after sphincteroplasty was 360 mm' (Fig. 4). 
area (mm') 
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Figure 4. Outcome of sphincter repair related to preoperative external 
anal sphincter area. 
Of the ten patients with an area of 360 mm' or less, only three had a 
successful outcome after sphincter repair (30 per cent). All ten patients with 
an external anal sphincter area greater than 360 mm' regained continence 
(100 per cent). A receiver operating characteristic curve was calculated for 
the cut-off point of area (Fig. 5). 
For a cut-off point of 300 mm', the sensitivity and specificity were 92 and 
86 per cent respectively. For an area of 360 mm', they were 77 and 100 
per cent. 
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Figure 5. Receiver operating characteristic curve (solid line) to 
demonstrate cut-off points of area. 
Atrophy, as assessed by one radiologist, and the quantitative measurement 
of area on MRI were well related (P=O.OOl). In patients with atrophy, as 
described by the radiologist, the measured area was significantly lower than 
in patients without radiological signs of external anal sphincter atrophy (214 
mm2 versus 399 mm2; P=O.OOl). 
Comparing the quantitative measurements of the two investigators (JWB 
and ER), there was no systemic difference (P=0.67). The interobserver_ 
agreement was good (intraclass correlation coefficient: 0.91). 
Age and surgical outcome were not related. There was also no significant 
correlation between age and atrophy. Furthermore, age was not related to 
any of the MRI measurements (width, arc or area). 
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Discussion 
The use of conventional whole-body MRI in the evaluation of patients with 
faecal incontinence has been proven to be of great value in assessing 
patients with congenital anorectal anomalies13. However, anal 
endosonography is the imaging technique of choice for the detection of 
abnormalities in the region of the anal sphincters, when compared with MRI 
using a whole-body receiver coil14-!6. The spatial resolution of endoanal 
sonography is superior to that of body coil MRI. However, a major limitation 
of anal endosonography is the poor inherent contrast, which makes it 
difficult to identify the external anal sphincter. Recently, it has been shown 
that the use of an endoanal coil enables the detection of anal sphincter 
defects as well as external anal sphincter atrophy on MRI6.8•9. Moreover, the 
sensitive region of the coil extended beyond the region normally visualized 
with endoanal ultrasonography. In this study the value of preoperative 
endoanal MRI was assessed. 
Anterior sphincteroplasty was found to be successful in 13 of 20 patients 
(65 per cent) in the present study. This outcome is in accordance with other 
series4•5• External anal sphincter atrophy was present in eight of 20 patients 
(40 per cent). In 1977, Parks!7 examined biopsies of the external anal 
sphincter of patients with idiopathic faecal incontinence. The biopsies of all 
incontinent patients showed histological evidence of denervation. He 
therefore suggested that this type of faecal incontinence could result from 
denervation of muscles of the anal sphincter mechanism. This could be the 
result of entrapment or stretch injury of the pudendal or perineal nerves 
occurring as a consequence of rectal descent induced during repeated 
defecation straining in constipated patients18, or from injuries to these 
nerves associated with childbirth!9. Nowadays this type of faecal 
incontinence is called neurogenic. In patients with faecal incontinence due 
to obstetric injury both anal sphincter rupture and denervation may 
coexist2°-22 • Several authors have reported that denervation of the pelvic 
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floor and subsequent failure of surgical repair can be predicted by 
preoperative electromyography5,2o,23'25. In contrast, other authors were not 
able to confirm these findings26.28 . Also, denervation of the external anal 
sphincter and its detection fade in time while the sphincter damage 
remains. Furthermore, electromyography of the pelvic floor is generally 
considered to be distressing. It seems likely that in patients with both 
de nervation and sphincter defects, denervation of the pelvic floor will 
perSist, regardless of the outcome of repair of the sphincter defect. It has 
been shown that functional results of sphincter repair in patients with 
neurogenic faecal incontinence are poor29. Therefore, in patients with both 
de nervation and sphincter defects, a poor outcome might be expected. If 
traumatic denervation leads to atrophy of the external anal sphincter, the 
finding of atrophy of this sphincter muscle influences outcome after surgery. 
This hypothesis was confirmed by the present study. Outcome was sig-
nificantly better in those without external anal sphincter atrophy. The area 
of the remaining external anal sphincter on endoanal MRI appeared to be of 
significant value in identifying patients with a favourable outcome. The 
objective quantitative measurement of this area was of equal value as the 
rather subjective determination of atrophy on hard copies of magnetic 
resonance images by the radiologist; the two methods were well correlated 
(P=O.OOl). The separate measurements of sphincter width at the posterior 
side and both lateral sides did not relate to outcome. This might be 
explained by the isolated value of the width measurement. The computed 
area consists of numerous adjacent sphincter width measurements, thereby 
overcoming the effect of sphincter irregularity. Determination of the 
presence of atrophy on endoanal MRI may enable the prediction of 
outcome after sphincteroplasty. Patients below the cut-off area (360 mm2) 
are less likely to benefit from sphincter repair. Confirmation of this cut-off 
value in another group of patients is necessary. 
Endoanal MRI is the first imaging technique to predict functional outcome 
after sphincter repair. Moreover, it directly enables the detection of external 
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sphincter atrophy, rather than assuming atrophy by detection of pelvic floor 
denervation assessed by either electromyography or pudendal nerve 
terminal motor latencies. The authors advocate the inclusion of endoanal 
MRI in the preoperative work-up of patients with faecal incontinence to help 
predict the outcome of surgery in individual patients. 
The alternatives for patients with persistent faecal incontinence after 
sphincteroplasty are either creation of a stoma or dynamic gracilis plasty. 
Since dynamic gracilis plasty is technically easier in patients in whom 
previous attempts to restore continence (i.e. sphincteroplasty) have not 
been made, selection of patients is preferable. Therefore, patients with 
external anal sphincter atrophy as seen on endoanal MRI might be 
candidates for dynamic gracilis plasty in the first place. 
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SUMMARY AND CONCLUSIONS 
SA MEN VA TTING EN CONCLUSIES 
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summary 
Faecal incontinence is a common but infrequently reported, imperfectly 
understood, multifactorial condition with far-reaching socio-economic and 
psychological implications. Limited success with somewhat empirical 
surgical procedures implies that patients should be investigated fully, 
indications for surgery should be clear, and disability should be serious 
enough to demand surgical intervention. Dietary adjustments and medical 
treatment should be tried first. In Chapter 2 the results of colonic 
irrigation in patients with continence disturbances following failed repair 
for obstetric injury or iatrogenic sphincter trauma are described. Patients 
with faecal soiling benefit more from colonic irrigation than patients with in-
continence for liquid or solid stools. Successful outcome is 79 and 38 per 
cent, respectively. If creati?n of a stoma is considered, especially in patients 
with intractable and disabling soiling, it might be worthwhile to treat these 
patients first by colonic irrigation. The long-term results of suture rectopexy 
in patients with faecal incontinence are discussed in Chapter 3. Because 
the clinical outcome of rectopexy is only acceptable in incontinent patients 
with complete rectal prolapse (67 versus 38 per cent), a conservative 
attitude toward surgery in patients with faecal incontinence and associated 
incomplete prolapse is recommended. These patients should be considered 
as candidates for endoanal ultrasound and subsequent sphincter repair. 
Furthermore, it makes proctography largely superfiuous in the evaluation of 
patients with faecal incontinence since complete rectal prolapse can be seen 
on physical examination. Formerly, postanal repair was considered for 
patients with 'idiopathic' faecal incontinence. The long-term results are 
presented in Chapter 4. It is concluded that postanal repair is not 
beneficial for the majority of patients with faecal incontinence (success-
rate: 46 per cent). Nowadays, endoanal ultrasound will reveal occult 
anterior sphincter defects, which might be treated by subsequent anterior 
anal sphincter repair. In patients with true neuropathic faecal 
incontinence other treatment modalities are preferable. In Chapter 5 the 
long-term results of surgical repair for anterior sphincter defects are 
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discussed. Initial good results deteriorate at follow-up. The more complex 
anterior anal repair fails to confer clinical benefit compared with the rather 
simple direct sphincter repair (68 versus 63 per cent). In the search for new 
imaging techniques to enhance understanding and solving the problem of 
faecal incontinence, endoanal MRI was introduced. Endoanal MRI is the 
only imaging technique that reveals atrophy of the external anal sphincter. 
In Chapter 6 the close relationship between endoanal MRI findings and 
actual sphincter morphology is confirmed (89 per cent sensitivity, 94 per 
cent specificity). The prevalence of external anal sphincter atrophy is 36 
per cent. The predictive value of endoanal MRI and the consequences of 
atrophy of the external anal sphincter are revealed in Chapter 7: 
atrophy of the external anal sphincter adversely affects continence after 
sphincter repair. In a selected group of patients without external anal 
sphincter atrophy it is possible to restore continence in 92 per cent of the 
treated patients. Now that preoperative selection of patients is possible 
using endoanal MRI, patients with atrophy of the external anal sphincter 
might be candidates for dynamic graciloplasty in the first place. 
Unwelcome though it is, colostomy may be the ultimate remedy in some 
patients. 
Based on the findings of this theSiS, it is concluded that: 
Colonic irrigation is worthwhile in patients with faecal SOiling. 
Rectopexy is only indicated for patients with faecal incontinence due 
to complete rectal prolapse. 
Proctography is not necessary in the assessment of patients with 
faecal incontinence. 
Postanal repair for faecal incontinence is not indicated. 
Results of anterior anal repair are comparable with direct sphincter 
repair. 
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Atrophy of the external anal sphincter is correctly identified by 
endoanal MRI. 
Preoperative endoanal MRI in the assessment of patients with faecal 
incontinence is worthwhile because it predicts outcome after 
sphincteroplasty . 
Chapter 8 
Faecale incontinentie is een frequent voorkomende, onvoldoende begrepen, 
multifactoriele aandoening met verstrekkende socio-economische en 
psychische gevolgen. Patienten dienen volledig onderzocht te worden, 
indicaties voor chirurgie dienen helder te zijn, en de klacht van de patient 
ernstig genoeg om chirurgische interventie te overwegen. Dieet 
maatregelen en medicamenteuze behandeling moeten eerst worden 
geprobeerd. In Hoofdstuk 2 worden de resultaten van rectum spoelingen 
bij patienten met continentie problem en na een mislukte operatie voor 
obstetrisch of iatrogeen kringspier letsel beschreven. Patienten met soiling 
hebben meer baat bij rectum spoelingen dan patienten met incontinentie 
voor dunne ontlasting. Het succespercentage is respectievelijk 79 en 38 
procent. Indien het aanleggen van een stoma wordt overwogen, is het 
aantrekkelijk eerst nog met rectum spoelingen te behandelen, met name bij 
patienten met ernstige soiling. De lange-termijn resultaten van rectopexie 
bij patienten met faecale incontinentie worden besproken in Hoofdstuk 3. 
Omdat het klinisch resultaat van rectopexie uitsluitend goed is bij 
incontinente patienten met een uitwendige rectum prolaps (67 versus 38 
procent), wordt een afwachtende houding geadviseerd ten aanzien van 
chirurgisch ingrijpen bij patienten met faecale incontinentie en een 
inwendige rectum prolaps. Deze patienten dienen endoanale echografie te 
ondergaan met aansluitende kringspier plastiek. Defaecografie is overbodig 
bij de beoordeling van patienten met faecale incontinentie omdat een 
uitwendige rectum prolaps gezien kan worden bij het lichamelijk onderzoek. 
Vroeger werd een achterste reefplastiek uitgevoerd bij patienten met 
'idiopathische' faecale incontinentie. De lange-termijn resultaten worden 
gepresenteerd in Hoofdstuk 4. De conclusie is dat de achterste 
reefplastiek niet gunstig is voor het merendeel van de patienten met faecale 
incontinentie (succespercentage: 46 procent). Tegenwoordig laat endoanale 
echografie bij deze patienten een verborgen kringspier defect zien aan de 
voorzijde van het anale kanaal, hetgeen met een voorste kringspier plastiek 
dient te worden behandeld. Bij patienten waarbij sprake is van echte 
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neurogene faecale incontinentie, hebben andere therapeutische opties de 
voorkeur. In Hoofdstuk 5 worden de lange-termijn resultaten van het 
herstel van anterieure kringspier letsels besproken. Initieel goede resultaten 
zijn minder gunstig bij nacontrole. De meer complexe voorste reefplastiek 
blijkt niet beter te zijn dan de relatief eenvoudige overlappende kringspier 
plastiek (68 versus 63 procent). Om het probleem van faecale incontinentie 
beter te begrijpen is gelOcht naar nieuwe beeldvormende technieken. 
Endoanale MRI werd recent ge'introduceerd en toont als enige 
beeldvormende techniek atrofie van de uitwendige kringspier. In 
Hoofdstuk 6 wordt de nauwe relatie tussen de bevindingen van endoanale 
MRI en histopathologisch onderzoek van de uitwendige kringspier nader 
belicht (sensitiviteit: 89 pr,ocent; specificiteit: 94 procent). De voorspellende 
waarde van atrofie van de uitwendige kringspier wordt opgehelderd in 
Hoofdstuk 7: Atrofie van de uitwendige kringspier be'invloedt het resultaat 
van voorste reefplastiek negatief. In een geselecteerde groep patienten 
zonder atrofie van de uitwendige kringspier is het mogelijk gebleken de 
continentie te herstellen in 92 procent van de geopereerde patienten. Nu 
preoperatieve selectie mogelijk is door middel van endoanale MRI, is het de 
vraag of patienten met atrofie van de uitwendige kringspier niet direct een 
dynamische gracilis plastiek lOuden moeten ondergaan. Uiteindelijk zal een 
stoma in sommige patienten de definitieve behandeling bieden. 
Op grond van de resultaten van dit onderzoek zijn de volgende conclusies 
getrokken: 
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Rectaal spoelen is zinvol bij patienten met soiling. 
Rectopexie is uitsluitend ge'indiceerd voor patienten met faecale 
incontinentie als gevolg van een uitwendige rectum prolaps. 
Defaecografie is van geen waarde bij de beoordeling van patienten 
met faecale incontinentie. 
Chapter 8 
Er is geen plaats voor de achterste reefplastiek bij de behandt;ling van 
patienten met faecale incontinentie. 
De resultaten van de complexe voorste reefplastiek zijn vergelijkbaar 
met die van de relatief simpele overlappende kringspierplastiek. 
Atrofie van de uitwendige kringspier is aan te tonen door middel van 
endoanale MRI. 
Preoperatieve endoanale MRI bij de beoordeling van patienten met 
faecale incontinentie is zinvol, omdat het resultaat van voorste 
reefplastiek hiermee voorspeld kan worden. 
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Algorithm 
Based on the conclusions drawn from this thesis, the following algorithm for 
the Investigation and treatment of patients with faecal incontinence is 
presented. 
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ziekenhuis. Ook bij de voltooiing van dit proefschrift ben jij van grote 
betekenis geweest. Het speelse gemak waarmee jij de meest exotische 
creaties uit een computer weet te toveren is opzienbarend. Beste David, 
dank voor al jouw bemoeienissen. 
Ik wil mijn vader en, in dierbare herinnering, mijn moeder bedanken voor 
aile mogelijkheden die zij mij hebben geboden en voor hun vertrouwen 
waarop ik altijd kon rekenen. 
Tenslotte, lieve Maud, ik dank je voor je geduld en steun, en, omdat het 
leven met jou zo ongecompliceerd mooi is. 
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